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SUMMARY

What is an Integrated Sampling Strategy? Simply put, it is the strategy that guides how plots are put
on the landscape. FIREMON’s Integrated Sampling Strategy assists fire managers as they design their
fire monitoring project by answering questions such as:

• What statistical approach is appropriate for my sample design?

• How many plots can I afford?

• How many plots do I need?

• Where should I put my plots?

• What sampling methods should I use on my plots?

The Integrated Sampling Strategy (ISS) is used to design fire monitoring sampling projects by selecting
the most appropriate sampling approach and the most efficient sampling strategy, then choosing the
best sampling methods for a fire monitoring project. The first section of the ISS Guide introduces the
FIREMON user to the terminology and inherent properties of sampling design in the FIREMON
monitoring approach. The second section presents the preliminary information that must be collected
or compiled for designing a monitoring project. The third section documents how a monitoring project
is implemented. And the last section provides users with guides and keys to assist in developing the
monitoring project. New users, especially those responsible for the design of monitoring programs,
should read the third section in detail in order to gain the knowledge and understanding needed to
implement an appropriate and successful FIREMON monitoring projects.

The ISS in FIREMON is critical to fire monitoring for several reasons. First, many fire managers do not
have the background in ecosystem inventorying and sampling to design a statistically credible and
efficient sampling strategy. Second, fire managers rarely have the time to learn sampling theory and
concepts. Last, integrated sampling requires extensive experience in statistical sampling design and
field implementation. FIREMON condenses this detailed information on sampling strategy into the ISS
to guide the fire manager in planning and implementing an appropriate fire monitoring project.

INTRODUCTION

The FIREMON Integrated Sampling Strategy (ISS) uses the best estimate of resources that the
manager can provide to help design the plot level and landscape level sampling strategy of a fire effects
monitoring project. A sampling strategy is different from a sampling method in that a sampling strategy
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describes where, when, and how the sampling methods (procedures for measuring things) are
implemented across the landscape. This section allows the fire manager to match the appropriate
sampling strategies with the scope and context of the project objectives.

The quickest way to design a fire effects monitoring project is to complete the set of sampling strategy
and method keys provided in the FIREMON ISS. These keys provide guidance in the selection of various
criteria needed to design a statistically credible and defensible monitoring sampling strategy. FIREMON
provides methods for measuring fire effects at most levels of intensity and most any scale, and then
provides guidance for data analysis that is appropriate for the data that have been collected. For
example, a coarse sampling design that specifies pictures as the only data collected cannot be used to
determine tree mortality, fuel consumption, or any other fire effect. Likewise, broad visual estimates
of plant species canopy cover for a large area cannot be used to describe changes in plant composition.

Implementation of a FIREMON monitoring program is based on two components: objective(s) and
sampling resources. The sampling objective or objectives provide the fundamental criteria for determin-
ing the sampling methods and, to a lesser extent, the sampling intensity that will be integrated into a
FIREMON monitoring program. It is critical that the fire manager succinctly articulate the actual
purpose of the sampling effort in the FIREMON sampling strategy and design process. Without an
expression of the sampling purpose, the fire monitoring project is doomed to fail. The fire manager must
explicitly state the reasons why a fire effects monitoring project is needed. These reasons provide the
critical context to form the project objectives, which in turn drive the sampling methods. Sampling
resources are less easily assessed as they are related to funds, time, personnel, and equipment, all of
which can be somewhat dynamic throughout the course of the field season.

Advanced Alternative to the FIREMON Integrated Sampling Strategy

The FIREMON ISS provides general guides and keys for you to use to determine the sampling strategy
that best fits with the objectives and resources available for monitoring fire effects. Recently, new
technology has been developed by Spatial Dynamics in cooperation with the USDI National Park
Service Fire Monitoring Program that is an advanced alternative to the ISS presented in FIREMON.
This new software is called FEAT or Fire Ecology Assessment Tool and it allows the user to interactively
design sampling strategies with Geographic Information Systems (GIS) and integrated databases, and
then implement the strategy on the landscape using GIS techniques and plot-level databases similar
to FIREMON. FEAT is a complete fire monitoring software package that integrates the entire
monitoring effort into one system. Users can use the FIREMON plot methods or they can use the FEAT
plot methods for collecting data.

The system allows the user to examine a range of monitoring design applications and alternatives, such
as:

∑ Random location of plots within an area using GIS techniques

∑ Identification of the sampling area and strata using any number of GIS layers

∑ Plot sampling methods linked to relational databases inside the GIS structure that allows plots to
be shown on a GIS map and sampled attributes of the plot to be spatial displayed.

∑ Digital photo integration with plot and a GIS to allow point-and-click real-time information for each
plot or sampling strata using photos or data.

∑ Ability to easily define new sampling protocols and modify existing protocols.

∑ Ability to manage tabular data using GIS.

∑ Designed to support efficient data entry into Personal Data Assistants (PDA).

FEAT is a comprehensive system that combines a number of software platforms to form an integrated
fire effects monitoring package. The all-inclusive nature is the benefit of FEAT; however, some
monitoring programs may find it difficult to meet the associate resource needs. For instance, there is
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a substantial initial financial commitment and ongoing maintenance overhead for the software needed
to run FEAT (ARCMap/Spatial Analyst, Microsoft XP). To use the full capability and understand the
underlying analysis within FEAT, specialized training is required. Also, there is a workload associated
with updating and maintaining the GIS layers that FEAT requires. FEAT was developed to facilitate
flexibility in sampling procedures and methods, so field methods can be extremely adaptable if required
by your monitoring project. This is especially true if you want to modify a sampling procedure to
measure a new entity or ecosystem characteristic; FEAT will allow one to easily modify or develop a new
sampling protocol.

FIREMON users are encouraged to consider using FEAT for their monitoring system if they feel
comfortable using the advanced features offered in FEAT, and have the financial commitment to obtain
and keep the resources necessary to effectively apply the system. More information about FEAT can be
obtained from the National Park Service, Fire Monitoring Program Web site: http://www.nps.gov/fire/
fire/fir_ecology.html.

Resampling Existing FIREMON Plots

If you are revisiting plots that have already been sampled then you do not necessarily need to read
through the ISS at this time. Instead, carefully read through the FIREMON metadata (MD) informa-
tion and/or FIREMON notebook to determine the methods and sampling intensity that were incorpo-
rated during the first sampling visit, and identify any optional fields or data variables that were
developed at that time. Return to the FIREMON plots and sample using the same methods, intensity,
and so forth, used during the original sampling. When reading the MD information you may also note
any shortcomings identified by the previous sampling visit and modify the methods to make the
sampling more effective. Use care when doing this so that the initial measurements can be used for
analysis. For instance, changing the vegetation sampling method from cover to frequency would mean
that the cover values could not be used in the analysis. Instead, the frequency method should be added
to the list of methods applied at the plot and not used to replace the cover method.

Many studies examine change in vegetation attributes after a treatment. Generally, these attributes
are related to the change in species numbers, the number of individual plants or vegetation cover as a
result of the treatment. For instance, a manager might be interested in noting the difference in density
of undesirable weed species after a prescribed fire. Or, a manager may want to study the difference in
that same weed species in areas burned in the spring versus the fall in an attempt to identify an effective
way to control its numbers. Whatever your reason for sampling it is important to recognize how plant
attributes change during the season and take them into account with your sampling. Generally, this
will mean sampling at the same time or times every year. It would be difficult to observe the
effectiveness of treatment if, say, the first season the vegetation was sampled in late summer and the
next year in early spring because plant growth during the year would influence plant attributes such
as cover, density, and height. There is no hard and fast rule for timing the vegetation sampling, however,
so it is up to the fire manager to determine the annual sampling schedule. The schedule will probably
be set by date but could be set by some other attribute, such as the phenological stage of some species
of interest. Recognize that rigid sampling schedules may make it difficult to finish all the sampling tasks
each year. For example, if you decide that late season sampling is the most appropriate time for
estimating species cover, some years you may not be able to sample because extreme fire danger keeps
the monitoring crews out of the field or an early snowfall may make it impossible to sample fine and
coarse woody debris.

Terminology

There are a number of terms used in the FIREMON documentation that are either unique to FIREMON
or imply a meaning that is specific to the FIREMON documentation. In general, these terms are used
as shortcuts to reduce text and focus discussion. The more important FIREMON terms are stratified
by subject area and put in context below. Complete definitions are located in the Glossary.
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The Project—A fire monitoring project is a fire management activity used to evaluate the effects of a
fire using field sampling and statistical analysis. A fire monitoring project that installs field plots
AFTER a planned or unplanned fire (or other treatment or disturbance) is called a postevent monitoring
project, whereas a project that establishes plots BEFORE and AFTER the burn is called a complete fire
monitoring project. We recognize that disturbance occurs at many intensities and scales, so conceivably
every monitoring project is both a postevent and complete monitoring project. However, we make the
distinction based on the disturbance event that initiates the sampling program. Sampling resources are
those assets available to the fire manager to accomplish the monitoring project, most frequently, funds,
time, personnel, and equipment.

The People—A FIREMON team is the group of people involved in the planning and implementation
of a fire monitoring project. This team is usually composed of a FIREMON Project Leader who oversees
the project; a FIREMON Architect who plans and designs the appropriate fire monitoring methods and
sampling strategies; and field crews who implement FIREMON methods in the field. The field crew is
composed of the crew leader responsible for all logistics in the field and crew training; a data recorder
who fills out the FIREMON plot sheets and sampler that does the actual collection of field data. There
can be more than one sampler, and the crew leader and data recorder can also perform sampling duties.
Be sure to let different members of the field crew try their hand at different tasks. In other words, if a
person is a sampler on one plot let him or her switch jobs with the data recorder on the next. This will
keep the field work from getting too monotonous and will let everyone become familiar with a number
of field sampling procedures.

There may not always be a large number of people involved in a FIREMON project. For instance, in a
small FIREMON sampling project, one person can be the FIREMON project leader, architect, crew
leader, and data recorder. There should always be at least two people on the field crew, for safety sake.
In the interest of good quality data it is useful to have one field crew member that has the expertise to
overlook the sampler’s observations, checking both the accuracy and precision of the recorded data. For
instance, cover estimation can be quite difficult, especially for someone who is just starting out. It is
important to have someone on the crew who is able to accurately estimate cover and to have that person
check the cover estimations made by other crew members.

The Sampling Procedure—Sampling strategies are how, where, and why sampling methods are
implemented on the landscape. Sampling methods are a set of procedures for measuring specific
ecosystem attributes. The difference between strategies and methods can be somewhat vague. Think
of measuring a tree’s diameter with a diameter tape—that is a sampling method; then think of
measuring tree diameters on all trees above 4.5 ft on a 0.25 acre circular plot randomly across a
landscape—that is a sampling strategy. Finally, the sampling approach is the scheme used to drive the
sampling strategy design process. Simply put, there are two sampling approaches in FIREMON,
statistical and relevé. Each is discussed later in the ISS.

The Sampling Unit—The FIREMON macroplot defines the greater sampling area in which all of the
sampling methods are nested. The size and shape of the macroplot is determined by sampling objectives
and resources, but most macroplots will be rectangular or circular encompassing about 0.1 to 0.25 acres
(0.04 to 0.1 ha).

Depending on the methods used, the FIREMON plot may be divided into microplots, also known as
quadrats, belts, or subplots. Each one is a much smaller area used for measuring small-scale
phenomena, such as ground cover or individual plant or species attributes. Microplots are usually
located in a grid pattern within the macroplot. The size of the microplot depends on the size of the plant
or species being measured, but typically it is about 3 ft square (1 m2). Some studies have found that
certain types of vegetation are more effectively measured using belt transects. These belts are
essentially elongated quadrats. In FIREMON we only associate subplots with the Tree Data (TD)
methods where saplings and seedlings are sampled on a smaller plot—the microplot—nested within the
larger plot used for sampling mature trees.
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A transect is a one-dimensional line that is located within the macroplot. Ecological attributes that
intersect or cross the transect are tallied or measured.

The vegetation sampling methods, in particular, use a macroplot to define the potential sampling area,
with microplots located within, where data are actually collected. Microplot sampling allows macroplot
scale attribute estimation using subplot sampling, and this can simplify sampling. For instance,
determining plant density across a macroplot would be quite time consuming. However, by using
microplots located within the macroplot, density can be sampled more quickly and with sufficient
accuracy and precision. All site attributes such as slope, aspect, and elevation are recorded at the
macroplot level.

Lastly, the FIREMON documentation uses some terms to describe spatial elements that need to be
defined. Stratifying factors are defined by the project objectives and are the characteristics used to
divide the treatment area or landscape into strata. Polygons are areas that exhibit unique character-
istics in relation to the adjacent polygons and are usually defined by overlaying the different strata.
Polygons can be defined by hand-drawn maps or electronically mapped in a Geographical Information
System (GIS). A Sampling stratum is made up of the polygons that have similar attributes, as defined
by all of the stratification factors. For example, if tree density and fuel load stratum were overlaid, a
number of polygons would be defined; some polygons would have low tree density and low fuel load, some
with high tree density and low fuel load, some with high tree density and high fuel load, and so on. All
of the polygons that had low tree density and low fuel would be in the same sampling stratum; all of the
polygons with low tree density and high fuel load would be in another sampling stratum, and so forth.
Each polygon will belong to one of the sampling strata. A landscape is a large area that can be any size
and shape but spatially defines stands and is composed of continuous polygons. The sample landscape
is the area to be sampled in a FIREMON project and is often described by the prescribed burn map or
wildfire map. In statistical terms, the sample landscape defines the population about which inferences
will be made.

Sampling Intensities

There are three ways to get things done: good, fast, and cheap. Unfortunately, we can only manage for
one and compromise on the remaining two. The FIREMON ISS allows users to choose between three
levels of sampling intensity based on the project objective(s) and sampling resources. This three-level
strategy provides a context for striking a compromise between good, fast, and cheap:

Simple sampling intensity (Level I): Fastest and cheapest while still collecting useful data in the
context of the management objectives. This scheme is used if there is limited time, money, or personnel
available to complete the monitoring tasks. The data collected in this effort are usually qualitative and
not suitable for statistical comparisons.

Alternative sampling intensity (Level II): Somewhat fast, somewhat cheap, and somewhat good.
Statistically valid data collected as efficiently as possible but with poor estimates of variability. This
scheme is used if defensible numbers are needed from the monitoring effort, but there is limited time
and/or resources. Caution must be used in statistical inference due to the low number of samples that
can be collected.

Detailed sampling intensity (Level III): Provides the most statistically defensible data, but most
methods are slow and costly to implement. Data are statistically valid with appropriate estimates of
variation but with high collection costs. Use this scheme if the most statistically valid estimates are
needed, and time and money are not limiting.

These three sampling levels are implemented at two spatial levels—landscape and polygon. The fire
manager must pick a sampling level to monitor landscape conditions and one level to monitor polygon-
level conditions. This decision is based on the sampling objectives and the sampling resources. The
sampling levels for each spatial scale may or may not be the same. For example, a land manager may
not care about fire effects across the landscape, such as with a prescribed burn, but is more concerned
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with the polygon level changes across the burn unit. In this case, a fire manager may decide on Level
I landscape sampling intensity and Level III polygon intensity. Another fire manager may not care how
a wildfire burned at the polygon scale but wants to know general characteristics of how the fire burned
across the landscape. In this case, landscape Level II or III would be selected while polygon Level I or
II might be selected, depending on time and resources.

We refer to the sampling intensity levels frequently throughout the FIREMON documentation.
However, they are intended as guidelines, not as rigid criteria. FIREMON allows the user to design
sampling strategies at any level of intensity or complexity because the FIREMON procedures and
methods have been constructed to be flexible and robust. For example, the Alternative Sampling
Intensity, LEVEL II, may suggest that all trees above 4 inches DBH be measured individually using the
TD method. However, the FIREMON architect can select any threshold DBH to accommodate the
sampling objectives and the resources that are available. As long as the change is documented in the
project records there would be no problem with dropping the diameter threshold from 4 to 2 inches, for
instance. We have provided a metadata (MD) table in the FIREMON database so that changes to the
sampling methods can be recorded and recovered easily.

Sampling Approaches

There are two basic sampling approaches used in the FIREMON sampling strategy. The first is the
relevé approach, used extensively in many ecological vegetation studies during the past 50 to 70 years.
The relevé approach is used when documentation of important ecological characteristics is more
important than statistically valid estimates of change. When using the relevé approach, one plot is
placed in a representative portion of the stand or polygon “without preconceived bias,” that is, the plots
are not located to make the sampling results look good but, instead, are located with bias in order to
represent the general conditions of the polygon or sampling stratum. Representativeness is based on
stand history, vegetation composition, stand structure, and a host of other ecological attributes. The
advantage of the relevé method is that the fire manager can choose where to locate plots based on past
experience, management objectives, and crew safety. For example, the manager may wish to use a
relevé approach if the restoration of an important plant community is the objective and the manager
wants to make sure that the plots land inside this community. The disadvantage is that this approach
is somewhat biased, and plot locations can be manipulated to influence monitoring results, making
subsequent statistics highly suspect.

The next approach is the familiar statistical approach utilized in most natural resource inventories
using systematic, random, or cluster plot establishment. Systematically established plots are distrib-
uted following a preset pattern, usually on a grid. Randomly established plots are located using some
sort of random number routine. They are not regularly distributed across the sample site and will have
some level of clumping. In FIREMON we describe how to purposely cluster plots in adjacent polygons
or sampling stratum to allow less travel time between sampling locations. This is not the same as the
traditional statistical method of cluster sampling, which can be quite complex and is outside the scope
of FIREMON. The use of cluster plots can be problematic, statistically, because plots may not be
distributed well enough to quantify variance, may not be independent, and samplers have an
opportunity to place plots with bias. Despite these potential shortcomings, cluster plots have the
advantage of allowing managers to sample a number of polygons relatively quickly.

Plots that follow a regular pattern are easier to relocate, so systematic sampling is recommended for
sites that will be sampled multiple times. There is one cautionary note about systematic sampling.
Ecologists have noted that some ecological variables have a periodic nature, that is, they vary across the
landscape with some predictability. If fire managers develop a systematic plot design that happens to
correspond to the periodicity of the attribute being sampled, the sampling results will be biased. The
chances of this situation happening are quite small, however, and the convenience of being able to easily
relocate sampling plots far outweighs the potential for biased results.

With the statistical approach, the emphasis is on gaining a statistically sound estimate of the sampling
entities. It is assumed that the random or systematic establishment of macroplots across a landscape
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will adequately quantify the variability of sampled entities so that the entities can be compared using
standard statistical tests. However, the only way to be certain that all characteristics a fire manager
is interested in monitoring are sampled adequately is to design the sampling program with sufficient
intensity to describe the variance of the most variable characteristic. Sampling at this intensity will
probably lead to increased sampling effort.

A stratified approach describes how FIREMON plots are established across the landscape or sampling
strata based on some land type stratification. The land stratification is based on the site characteristic
or characteristics of interest. For instance, a fire manger may want to examine the effect of prescribed
fire on exotic weed cover (one stratifying factor) and on sites with different fuel loads (the second
stratifying factor). If there were three classes of weed cover and three of fuel load, the potential number
of sampling strata would be 32 or 9. Within the stratification, plots can be established using either a
random or systematic approach. Both are well documented in the literature and have a proven track
record, but most fire monitoring projects are designed using a stratified systematic plot approach for
the reasons previously stated. Stratified sampling can reduce the overall cost of the project because
stratification accounts for the within-stratification variability and that may reduce the total number of
plots needed in the monitoring project. Stratification is especially useful if you are interested in
examining treatment effects within the sampling strata.

Sampling Design Keys

There are three sampling design keys in FIREMON. The first, the Sample Approach Classification
Key, is designed to help the FIREMON architect determine whether a relevé or statistical sampling
approach should be used. The second key, the Sampling Intensity Key, is designed to identify the
sampling intensity level that is most applicable to the monitoring project. Last, the Methods
Classification Key is used to guide the FIREMON architect to determine the sampling methods that
should be used in the project. Each key uses the sampling objectives and resources to determine the keys’
outcome. The FIREMON architect must determine the scale of the monitoring project—landscape or
polygon—before using the keys.

Again, the FIREMON keys are not meant to be used as strict criteria on designing a fire monitoring
project. They are meant only as guidelines for developing a locally relevant sampling design that
optimizes available resources with the quality and quantity of data required to successfully accomplish
the project objectives.

Step-by-Step Procedures

If you are experienced with sampling methods and strategies or have previously implemented FIREMON
fire monitoring projects you may not need to reread the detailed text in the next section. Instead, you can
just refresh your memory on the steps needed to come up with a viable sampling design. In this case we
have condensed the FIREMON ISS section into a series of step-by-step instructions to guide the design
and implement your fire monitoring project (fig. ISS-1). These instructions are in the Sampling Strategy
Checklist section and should be used as a quick reference for your monitoring project.

PRELIMINARY SAMPLE DESIGN ACTIVITIES

In this section, the FIREMON sampling architect performs some preliminary tasks and analyses that
will help design an integrated monitoring project using FIREMON sampling design strategies,
techniques, and field methods. This section includes the most important design elements and should
be sufficient for most managers when they are setting up their monitoring program. There are many
texts and Web sites that give an indepth view of sampling design theory—more thorough than what we
are presenting here. If you are interested in learning more, a good place to start is: http://statistics.fs.fed.us/
checklists/checklists.html.
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Figure ISS-1—Flowchart showing the
general process for designing your
FIREMON Sampling project.
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We suggest that the FIREMON architect use the Metadata table to store important information for each
fire monitoring sampling project. The Metadata table should contain a detailed listing of the project
objectives, the resources available to the project, and the logic and reasoning used to design the sampling
strategy and data analysis for the project. Also, the outcome of the FIREMON keys should be recorded
in the notebook. Take special care to ensure that the decision process at each step is explained. Figures
can be included in the MD table using the Document Link field.

The first, and most critical, step in a FIREMON sampling effort is to succinctly state the objectives of
the monitoring project. This step should include a definitive description of the sample population. In
other words, when completed the objectives should not just identify what the project will be accomplish-
ing but also where. For instance, will they be applied across a watershed or just in one treatment unit?
The next step is to identify the amount of resources available to accomplish the sampling task. Sample
size is determined using the objectives and resources. Note that this is different than most scientific
studies where objectives and variance determine the sample size. When developing FIREMON we
recognized that, for most fire managers, resources determine sample size, not variance. Usually, the fire
manager does not have the funds, time, or personnel to undertake a rigorous sampling program. The
result is that the FIREMON approach may not always provide data for statistical inference—especially
when sampling at the Simple or Alternative levels—or may do so at lower precision or certainty than
typically used in rigorous research studies. In lieu of determining statistical significance, the manager
may examine monitoring data, note the changes, identify how well the data represent what was seen
in the entire treatment area, and then determine the apparent effectiveness of the treatments.

Stating Monitoring Goals and Objectives

Succinct and comprehensive goals and objectives describing the purpose of the fire effects monitoring
project set the tone for the remaining sample design and method decisions. It would be difficult to
overemphasize the value of this step. To the person not dealing with them all of the time, goals and
objectives can be difficult to differentiate. Briefly, goals are broad statements describing general
intentions whereas objectives tend to be narrowly focused and precise. In terms of fire monitoring, goals
generally explain the overall desired outcome of treatment while the objectives are the quantifiable
measure used to evaluate the outcome.

Development of specific measurable objectives requires thoughtful reflection on what the FIREMON
project manager wants from the monitoring effort. It may be intimidating to anticipate developing these
objectives in light of the many diverse goals in fire management, but understanding exactly what
questions the monitoring effort are supposed to answer will provide the context in which all other
sampling design and implementation decisions are made. For instance, one manager may only want to
qualitatively describe the general effects of a fire while another might want statistically valid estimates
of change in vegetation and fuels across the landscape.

Many prescribed burns have a single goal of reducing fuel loading. Given that, a good objective
statement would be: reduce dead and down woody debris biomass in the 3 inches and greater size class
by at least 50 percent after the first burn. Or, if you have a specific desired future condition it could be:
reduce dead and down debris in the 3 inches and greater size class to achieve an average fuel loading
of 5 to 10 tons/acre. On the other end of the spectrum, if there were to be no actual measurements
performed, the objective could be: complete a walk-through assessment to evaluate the reduction of dead
and down debris within 6 weeks of the burn. As an example, a general goal coupled with specific
objectives would be as follows:

Restore ecosystem processes and characteristics to pre-1900 conditions by:

1) Reducing fine woody fuel loadings by 80 percent or more after the first burn.
2) Reducing coarse woody debris by less than 50 percent after the first burn.
3) Killing 90 percent or more shade tolerant seedlings, saplings, and mature trees within 1 year of the

second-entry prescribed burn.
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4) Providing for at least 50 percent or greater survival in seral, shade-intolerant mature trees within
1 year of the second-entry prescribed.

5) Reducing duff depths by at least 10 percent for each prescribed burn entry.
6) Opening tree canopy by at least 50 percent after the first burn.

The FIREMON architect will have to decide if all the objectives can be accomplished with one burn and
avoid conflicting objectives.

There is a downside to specifying detailed objective statements in that the monitoring project may become
complex and expensive in order to monitor all the important characteristics. Additionally, it may be
difficult to achieve all objectives with just one burn. The ecosystem characteristics important to evaluating
the success or impact of a burn should be explicitly stated in the objective statement to guide sample design
with the recognition that some objectives may be met earlier in the monitoring sequence than others. In
other words, all objectives might not be met with one prescribed burn. Try to make objectives broad enough
to facilitate an efficient sample design while being specific about the most important ecosystem attributes
that must be treated.

Do not think of objective statements as static contracts of purpose and need. Objective statements
should be modified and refined as the project proceeds in design and implementation. In fact, objectives
should be altered as new information and resources become available—this is a basic tenet of adaptive
management. Sometimes environmental factors can influence the sampling that can be done. If snow
comes early or stays late on a sampling location then a survey of down dead fuel cannot be accomplished
and objectives relating to down dead woody fuel would need to be postponed or eliminated. It is more
desirable to add objectives than eliminate them, but you have to recognize that some circumstances are
beyond your control. Lastly, understand that there might be parts of the objective so important to the
project that they absolutely must be evaluated at any cost. For instance, say you are treating a Research
Natural Area where an important plant population resides and you have an objective relating to
identifying and tracking changes in the plant community. It would be critical to have a botanist on the
crew to accurately identify all of the plant species so that the fire effects on the community can be
determined. If the botanist leaves for another job you cannot just drop this objective, as it is critical to
the project. Critical objectives like these should be noted and remain unchanged in the objective
statement.

If you are planning on implementing a statistically based monitoring plan, then as you write the
objectives, you should also consider remarking on the minimum amount of change you want to be able
to detect and the confidence level that will be used for the analysis of the monitoring data. Both values
affect the sampling intensity and should be indicated for the attributes most important to the project
objectives. The minimum detectable change (MDC) parameter is an absolute value calculated by
multiplying the mean of the attribute of interest by the percent change of that attribute you want to be
able to detect. If you want to be certain that you are detecting a 10 percent reduction in down woody
debris on a site that has 25 tons/acre the MDC is equal to 2.5 tons/acre. The confidence level is a measure
of the certainty in which you state your statistical results. For example, a 95 percent confidence level
means that you are 95 percent certain the change you identified in your statistical analysis really
happened. Or conversely, one of 20 statistical tests will note a significant change in an attribute when
actually the change did not occur. Most research studies set the confidence level at 95 or 99 percent.
However, monitoring studies, especially those with limited resources, might not need to be as
restrictive. The confidence level should never be set lower than 80 percent. As MDC decreases and as
confidence level increases, sample size will increase so you may need to balance MDC and confidence
level against the sampling resources. There is a further discussion of confidence level, detectable
change, and sample size in the Implementing the Statistical Approach section below.

S.M.A.R.T. Objectives
While objectives are critical to a well-written project plan, it is clear that writing “good” objectives can
be difficult. You don’t want a project to be determined a failure simple because the objectives were poorly
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written. The acronym S.M.A.R.T. relates to five properties of well-written objectives. As you write your
project objectives refer to this list to make sure they are S.M.A.R.T.:

1) Objectives must be Specific. They must provide a description of the precision required for the
objective and link it to a rate, percentage, or some other value. See the list of six objectives listed
above for examples.

2) Objectives must be Measurable. There must be a system in place that can measure attributes of
interest. In FIREMON we have provided a number of sampling procedures. However, for some
attributes, such as water quality, we do not provide a method. In such cases you must be able to
determine your own sampling procedures and apply them appropriately.

3) Objectives must be Achievable. Make sure what you are proposing can be and should be
accomplished. For example, an objective that states, “Eliminate 100 percent of the exotic, invasive
plant species after 1 year of treatment,” is not valid, realistically.

4) Objectives must be Relevant. There is no point in making an objective that your treatment will have
little or no influence over. Say the agency you work for has a goal of improving air quality in the
watershed where your treatment unit is placed. You may have the ability to burn on a day that will
reduce the negative impacts on the air quality across the watershed, but an objective that states,
“Reduce PM2.5 emissions across the watershed,” is not relevant to your treatment because,
through your treatment, you cannot effectively control the other sources of PM2.5 emissions across
the watershed.

5) Objectives must be Time Based. This one is simple—you must have a date or timeframe for
completion of the objective. The start time is usually intuitive because generally it begins with the
application of a treatment; however, if it is not obvious, clearly state the start date or timeframe.

The subject of setting goals and objectives has been covered extensively in other texts. A quick search
of the World Wide Web will help you locate them. The National Park Service and U.S. Fish and Wildlife
Service fire monitoring guides are also available online and provide information for fire related projects.

Determining the Sample Area and Spatial Stratification

Perhaps the most important element of a monitoring program is where the treatments and subsequent
monitoring project will be implemented. A detailed geographical description of the area to be sampled
is an absolute necessity because it will also provide context for design descriptions. In statistical terms
this description provides the scope of the treatments and, in most monitoring programs, the scope of
inferences made by the statistical tests. Boundaries of the entire sample area should be explicitly stated
and diagrammed on an appropriate map. In most cases, large scale maps (such as National Forest maps)
will not provide the detail needed for a fire monitoring effort. Maps with a scale less than 1:30,000 will
do a better job of accurately delineating the project area.

The entire sampling area must be spatially divided into sampling stratifications that match the
sampling objective. Most resource managers delineate areas of homogeneous vegetation (stands), but
fire monitoring can be stratified by other classifications such as aspect, slope, fuel condition, or land
ownership. FIREMON presents procedures for mapping areas of similar fire severity from satellite
imagery (see Landscape Assessment section), and the manager can also use severity as a stratifying
factor.

As you define your strata be sure to match the mapping criteria with your sampling objectives. For
example, if ponderosa pine restoration is a primary objective, then be sure the strata mapping
guidelines delineate various successional stages of ponderosa pine communities. The sampling design
can incorporate more than one stratification factor. For instance, a possible design might be to install
FIREMON plots in all old-growth ponderosa pine stands that have slopes less than 50 percent and are
on National Forest lands.

Figure ISS-2 shows three ecological characteristics mapped on a sample landscape: A) three levels of
tree density, B) two levels of dead and down fuel load, and C) a corridor of exotic weed invasion along
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the roads. The levels would be determined by the FIREMON architect based on project objectives. In
D, characteristics A, B, and C are combined to identify nine sampling strata divided into 17 polygons.
One stratum has low tree density and low fuel without exotic weeds, another has low tree density and
low fuel with exotic weeds, another has moderate tree density and low fuel without exotic weeds, and
so on. Potentially there could have been 12 strata in this example (3 x 2 x 2 = 12) but not all of the
combinations occurred. Note how quickly adding ecological characteristics and levels increases the
potential number of sampling polygons, which in turn increases the complexity of the monitoring
project. This example landscape will be used for demonstration throughout the ISS.

The mapping of sampling entities across the landscape is greatly dependent on the type of fire:
prescribed burns or wildfires (postevent monitoring projects versus complete monitoring projects). The
difference is that for wildfires and wildland fire use, fire effects monitoring plots are installed after the
fire, whereas prescribed fire monitoring plots are measured both before and after the burn. Most
wildland fire use burns (previously called prescribed natural fires) fall into the postevent category
because of the absence of preburn plots. In these cases, sample stands must be identified after the
wildfires using remotely sensed images (aerial photos or satellite imagery) taken before the fire if fire
effects measurements are to be summarized by vegetation type. If fire severity stratification is
necessary the Landscape Assessment methodology can be used.

The mapping effort, and its integration with FIREMON sampling efforts, can be made much easier if
the mapping and analysis are done within a Geographical Information System (GIS). A GIS allows
complex queries on landscape and stand attributes that make design and subsequent implementation
of a FIREMON sampling strategy efficient. A GIS can produce maps of the sample area for reference
and navigation, and the sampled FIREMON field data can be linked to the GIS for many other
applications (landscape pattern analysis, satellite imagery mapping).

Two statistics must be computed once the sample area has been mapped and the landscape divided into
polygons. First, compute the total treatment area of the study site(s). Exclude all areas that will not be
sampled (talus slopes, lakes, glaciers) from the estimate. Then, compute the number of polygons or
stands within the area to be sampled. These statistics will be used to determine the resources needed
to accomplish the sampling.

The sampling environment, like the project goal and objectives, provides the spatial and logistical
sideboards for project planning. There are four attributes about the sampling area that must be known
before sampling design can continue: 1) size of area, 2) topographic complexity, 3) transportation
network, and 4) ecological characteristics. The size of the sampling project is often dictated by the
boundary of the burn, and burn boundaries are notoriously coarse, so it is important that a precisely

Figure ISS-2—Overlay maps of strata defined by the stratifying factors in your monitoring project to identify
the different polygons on the landscape. Once a sampling design has been determined, the polygons will
be sampled with FIREMON plots. In this figure the strata of A) tree density, B) fuel load, and C) exotic weed
invasion are overlaid to identify the sample polygons in D. Each shade and/or patten combination represents
a specific sampling strata. There are 17 polygons grouped into 9 sampling strata.
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developed burn map is provided for monitoring. Topography will dictate many aspects of the sampling
effort. Steep, dissected landscapes will be difficult and dangerous to navigate, so the sampling project
should be designed to accommodate or avoid these troublesome conditions. The network of roads, trails,
and navigable terrain will provide the means of transporting crews to sampling areas. Remote areas
with only trail access will require another level of planning because crews will probably need
backcountry supplies along with the already extensive sampling gear, and this may require packstock
support (mule and horse packing). Last, the ecological characteristics of the sample area will dictate the
sampling design and methods. Forested environments will probably require time-intensive individual
tree surveys, while rangeland types can be sampled using standard vegetation surveys. Areas with thick
vegetation or high fuel loadings will be difficult to traverse. And areas with abundant threatened and
endangered species will require a high resolution sampling design to properly evaluate fire’s impact in
small but highly valuable habitats.

Determining Sampling Resources

The details of the FIREMON monitoring project design are determined by striking a compromise
between cost, personnel, time, logistics, and sampling environment within the context of the project
goals and objectives. For example, say that monitoring on the Clear Creek burn is essential to determine
tree mortality and subsequent potential for salvage logging. The project goal might read, “Determine
tree mortality and salvage potential.”  This statement provides critical information to determine what
and how to sample for monitoring and evaluation. Obviously, the project goals aren’t related to weeds,
grazing, or fuel consumption, so sampling techniques that measure plant cover, plant biomass, and fuel
loadings are not needed. A tree population sampling method is most appropriate here. Next, say there
is limited funding, and the only people available are the fire crew, and there are only 3 weeks to perform
the monitoring tasks. This means that a stratified random sample across the entire burn is inappropri-
ate because it would cost too much and take too much time. However, a relevé approach might be the
right compromise between sampling resources and project desires. Because the data must be used for
two purposes—to determine tree mortality and the amount of timber in those trees (salvage potential)—
a detailed, individual tree sampling method is warranted.

The FIREMON architect should consult with the FIREMON project manager to determine the exact
amount of resources available to conduct the fire monitoring project. There are four types of
resources that should be evaluated: 1) funding, 2) personnel (number of people and their expertise),
3) logistics, and 4) time. All of these resources are somewhat related, but each resource should be
carefully appraised to determine its contribution to the monitoring project in the context of the extent
and complexity of the sampling area.

Funding is easily the most important sampling resource because it dictates the level of all other
resources. It is critical that the FIREMON architect knows the exact amount of money dedicated to the
monitoring effort. This will help determine the number of people to hire, the number of vehicles to
acquire, and the quantity and number of supplies to purchase. In short, funding often determines
sampling intensity.

The number and qualifications of people to use in the FIREMON project is an important resource for
the monitoring project. It is essential that the skills of the FIREMON field crew match the level of detail
of the data to be collected. For example, the monitoring of plant species cover change requires a field
botanist who can consistently and comprehensively identify vascular and nonvascular plant species. It
is also important that the field crews have sufficient training in FIREMON methods and techniques.
A poorly trained crew will invariably spend excessive amounts of time and money collecting question-
able data that will be useful to no one. As funding often dictates sampling intensity, the experience and
capabilities of the field crew will determine the quality of sampled data.

It is important that the logistic capacity of a FIREMON project be identified prior to designing a
sampling project. Critical elements are 1) the number of available vehicles, 2) the amount of sampling
equipment, 3) the amount of camping gear (if needed), and 4) computer equipment. Often, available
vehicles and equipment can limit the staffing of monitoring projects. Required sampling equipment
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(compasses, clinometers, GPS units) must be available or rapidly and easily purchased. Maps of the
sample area are absolutely essential for conducting a successful monitoring project. Laptop computers
may also be used for data entry and reference to the FIREMON methods in the field. Logistical support
determines the sampling ability.

The amount of time available to conduct the monitoring project can, in some circumstances, dictate the
level of other resources. For example, it may be critical to establish monitoring plots across a large burn
to determine appropriate levels of rehabilitation. To accomplish this objective, the sampling must take
place directly after the burn and before the snow flies. This does not leave abundant time to mobilize
extensive field crews and acquire new equipment and vehicles. Projects on fast timelines may need to
forego extensive, statistically valid sampling designs in favor of relevé methods. The amount of time
dictates the schedule of a sampling project.

The availability of funding, personnel, logistics, and time should be explicitly stated in the FIREMON
field notebook. Obviously, the status of any of these resources can change; a good FIREMON architect
will ensure there is plenty of flexibility in the sample design to accommodate changes in available
resources, whether the changes are good or bad. There may be other resources or challenges to be
included in the design of the sampling effort that are not mentioned here; for example, weather.
Excessive rain or heat may hamper the sampling productivity of crews.

Determining Sampling Design

When the major sampling resources have been identified and described they will be summarized into
the FIREMON statistics that are used in the sample design keys. Be sure to document the calculation
of the sampling resource statistics in the monitoring notebook. A number of these parameters will be
hard to estimate when you first start your monitoring activities but will be easier to determine as you
gain experience. When possible we have provided some guidelines for your initial values. When making
your own estimates use your best judgment and be realistic about the numbers you chose. Remember,
monitoring almost always takes longer and costs more than you think it will.

Calculating FIREMON sample statistics
The first FIREMON sample design statistic that you will be calculating is the Sampling Potential (SP),
which is used to indicate the number of standard plots that can be installed during the sampling effort.
This statistic integrates most sampling resources into one index that can describe the capacity to
perform the monitoring project. SP is a function of project funds, crew costs, and plot production rate.
Crew costs and plot production rate will probably need to be estimated.

You should first determine the amount of money available to conduct the entire monitoring effort
(Project Funds or PF). This amount should include salaries of existing personnel available to work on
this project, including the FIREMON project leader and architect.

Next, estimate the Crew Costs (CC). If necessary, include the cost of renting a vehicle for the period of
sampling. Assume one vehicle will transport two people for the project. Calculate how much it will cost
to outfit each crew with supplies, and if this figure is unknown, use $250.00. You will need to estimate
the number of 8-hour workdays available to finish the monitoring project. Provide an estimate even if
there appears to be plenty of time to finish the project. Use a target start and end date as a guide; try
to identify a realistic day for starting the project and ending the project, then count the number of
working days in between. Estimate the number of days that could be lost to inclement weather, if that
is a possibility, and days lost to organizational, administrative, logistical, or personnel problems. In lieu
of this information, add an additional 10 percent time to the project. Using your estimate of workdays,
estimate the salary of one crew person for the duration of the monitoring project and multiply by the
number people you plan to have on the crew. Finally, determine the CC by adding the transportation,
equipment, wages, and any other expenses together and dividing by the number of workdays.

Last, Plot Production Rate (PPR) is an estimate of the number of plots that can be sampled per day by
one crew. Early in the monitoring process PPR is probably unknown so use the rate of four plots per day
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as an estimate. In our experience the major factor in PPR is crew transport to the sample sites, not the
actual sampling.

When you have determined PF, CC, and PPR use the following formula to calculate SP:

Equation ISS-1 SP =
PF( ) PPR( )

CC

where SP is the sampling potential (plots per crew for the entire project), PF is project funds in dollars,
CC is crew costs in dollars per day, and PPR is plot production rate in plots per day per crew.

Here is an example of estimating SP: Assume that a manager has $3,000.00 to spend on installing
monitoring plots the first year of a project. He has identified four people that could work on the crew
and, after reviewing the other tasks that need to be done during the season, apart from this monitoring
project, he notes that there are 10 work days that can be spent on the project. A best guess from past
experience tells him that the crew can get about six plots done per day. All equipment and transportation
is on hand, so the only expense is the crews’ wage. Adding all of the wages together he notes that the
crew costs about $400.00 per day. Dividing $400.00 into $3,000.00 he finds he will get 7 days of
sampling in before all of the available funds are spent. The final calculation of SP is:

45 ≈
3000( ) 6( )

400

Thus, there are resources to sample about 45 plots. If there is a question about the ability to assess the
effectiveness of treatments using data from 45 plots, then the revision of project objectives, sampling
methods, crew size, and/or the scope of the area to be tested with statistical inference must be revisited
to bring the sampling intensity in line with the project objectives. See the Considering Tradeoffs section
for more information.

Note that in this example the number of available workdays was not the limiting factor in calculation
of SP, so it was not taken into account (the manager potentially had 10 days for sampling but the project
funds only allowed 7 days of sampling). If there were only five days available for sampling then the
available workdays would enter into the calculation, further lowering the SP. Only about 30 plots could
be sampled (5 days X 6 plots/day).

From this simple example it is clear that part of the art of monitoring is balancing all of the components
in the monitoring program so that the data collected are useful for assessing the treatments. Almost
every component, including the objectives, sampling crew, sampling approach, sample size, monitoring
area, sample stratifications, and study area can be modified to bring the monitoring data in line with
the project objectives.

When you start your fieldwork, divide the samplers into crews making sure that the number and
expertise in each sampling group are appropriate to the monitoring tasks. For example, don’t send out
a crew and expect them to collect species level data accurately without a good botanist in the group.

Calculating the number of polygons to be sampled

The next set of statistics attempts to quantify the amount of sampling required for the area to be
monitored. First, determine the total size of the Sample Area (SA) in acres. This is often all the area
within the burn boundary. Next, compute the Number of Polygons (NP) that compose the sample area.
If you have determined your polygons by overlaying the sampling strata as shown in figure ISS-2, then
this is as simple as adding up the number of polygons. If you are interested in sampling by stands within
a prescribed fire, they were probably mapped prior to the fire treatments being set up and just need to
be summed across the sampling area. For wildfire situations, NP can be taken from stand maps,
satellite-derived vegetation cover type maps, or burn severity maps created prior to the fire. However,
this type of spatial data will not be known for many monitoring projects. If NP is not known for your
project, you can estimate it using average stand size. In the Northern Rockies we have commonly
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estimated the average stand to be 25 acres (10 ha) and used that value to calculate NP (NP = SA/25).
This method assumes that the sampling will be stratified in space by stand characteristics (tree species,
diameter, height, and so on). If this is not the case for your project, divide the landscape into the
appropriate homogeneous sampling units. For example, burn severity polygons mapped from satellite
imagery may be your spatial stratification. Or it could be treatment blocks within stands. The NP
statistic is the number of spatially explicit sampling polygons in your project.

Sometimes there is no need to sample all of the stands or polygons in the sampling area. For example,
monitoring plots might only be needed on steep areas where rehabilitation efforts will be prevalent. Or
perhaps only forested areas need to be sampled to monitor tree establishment after wildfire. In these
cases, calculate SA or NP only for those areas that are targeted for monitoring.

The NP and SP statistics are used to determine the suggested sampling approach and sampling
intensity level. However, these statistics, and the statistics used to calculate them (CC, PPR, SA), can
be modified to refine sampling strategies to fit the monitoring objectives or to generate several sampling
alternatives for strategy design. For example, the sampling rate (PPR) can be doubled or halved to
produce best and worst case sampling scenarios. Or NP or SA can be reduced or increased to match the
sampling potential.

Determining the sampling approach
The next important step in designing a FIREMON sampling strategy is to decide on a sampling
approach to collect fire effects data. The two basic FIREMON approaches are relevé and statistical. Both
these approaches can be stratified by any landform, ecological attribute, or disturbance characteristic.
The selection of the appropriate approach will dictate nearly all other sampling details.

The Sample Approach Classification Key provides the guidance to select the approach to match
your project. Read down the list of statements for each approach answering “yes” or “no” to each item
that is important to the sampling project with special reference to your monitoring objectives, sample
area, and available resources as mentioned above. Simply count the number of yes answers and no
answers in each list. The approach with the most yes answers is the approach that probably should be
used in the monitoring project. However, this checklist does not include all the subtle advantages and
disadvantages of each approach with respect to your unique sample area. There may be other important
elements that will influence your final decision. Be sure to document these special conditions in the
FIREMON notebook for future reference.

In general, the relevé approach is used when time, money, or personnel limitations require the sampling
to be done quickly but without compromising the temporal aspects of monitoring at the stand level.
However, it is important to recognize the limitations of the relevé approach. First, the within-polygon
variation is not quantified, so a statistical comparison across polygons (comparing one polygon to another)
is not valid. Next, the variation of ecosystem elements, such as fuels, trees, or plants, is not measured
across space, so a statistically valid landscape comparison is not possible. The only possible statistically
valid comparison using the relevé method would be the comparison of one single plot measured at two time
periods using FIREMON methods that captured within-plot variation. The independence of microplot
samples is suspect, however, so temporal inference may not be appropriate. There may be an inclination
for managers to use relevé plots because of the difficulties in estimating the variance of one or a number
attributes, but if statistical inferences are to be made, estimates of variance for the most important entities
(at least) need to be made so that the statistical approach can be applied.

The statistical approach is used when the answers obtained must be compared using statistically valid
procedures across space and time. This is the most useful and most commonly applied approach for
monitoring projects.

Selecting the level of sampling intensity
The next step in sample design is to determine the level of sampling intensity for the monitoring project.
Sampling intensity is usually described by the number of plots located across the project area and is
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related to the amount of variance to be explained. The more plots established across the landscape, the
more likely that the range of response and variance has been captured in measurements of fire effects.
This translates to more accurate and defensible comparisons and evaluations.

FIREMON has three levels of sampling intensity integrated into the sampling strategy to facilitate
sampling design. These levels are intended only as guides for the inexperienced designers and not as
recommendations. The FIREMON architect can design a monitoring project at any intensity level, not
just the three mentioned here. Refer to the Sampling Intensity Key to decide which intensity level
best fits your situation.

Choosing sampling methods
This section describes how the FIREMON architect selects the sampling methods to employ at each plot
during the project. Many people think this is one of the most difficult parts of a monitoring study, but
in fact, choosing sampling methods is straightforward because you simply match the monitoring
objectives to the attributes that need to be measured. Many managers get confused in sampling methods
selection because of the complexity and diversity of sampling procedures available, but the selection
process becomes simple when the decision is put in context of the objectives.

Methods for measuring fire effects are selected from the Methods Classification Key provided in
FIREMON. Read each bullet in the Methods Key then refer to each of the project objectives to see if the
bullet is true, and if so, employ the suggested method. Again, this key is intended as a guide and not a
prescription. Use your own intuition and experience to modify results from the key to fit your special
circumstances. FIREMON has been developed using established methods. Occasionally you may find
that there is not a method that will assess the success of some objective. For example, there is no water
quality sampling method in FIREMON. Thus, methods may need to be developed to monitor some
attributes. These should be explicitly described in the MD table so that the exact procedure can be
applied at the next sampling visit. Optionally, you might be able to add fields to existing methods to meet
the objectives. For instance, if the Wildlife Biologist is interested in the presence of snag cavities, a field
could be added in the Tree Data (TD) table of the database. (Use caution when adding fields to the
FIREMON database, as it will make it difficult to merge your data with other FIREMON data.)

You will find that most of the time and money spent on field campaigns are in transporting crews to
sampling areas and not on actual sampling. Therefore, it is often prudent to sample additional
attributes at the FIREMON plot to strengthen monitoring analyses and to widen the scope of the
monitoring project. This is especially true if the FIREMON architect is wondering whether or not to
sample a particular attribute. It is much better to spend an additional 10 to 20 minutes on the plot
sampling another fire effect, than it is to be frustrated because some component wasn’t measured at the
end of the sampling effort. For example, measuring crown characteristics for every tree on the macroplot
may seem excessive if the sampling objective is to assess tree mortality, but those crown characteristics
(percent crown scorch, tree DBH, height) could be used to develop salvage guidelines from percent crown
scorch or predict crown fire potential using NEXUS (Scott 1999).

The process described in this section provides the FIREMON user important information on the
elements of a sampling project that can be modified to fit the monitoring objectives. It is best to first
compute all sample statistics from real data and then key the sampling approach, intensity, and
methods. Then compare the key results to the monitoring objectives again to evaluate if the key results
are appropriate. If not, go back and modify one or more sample statistics to achieve a more realistic
result. Of course, if you modify a statistic, you must then implement that modification in the sample
design. For example, if you reduce NP then you must make sure that the correct number of polygons
are mapped. Alternatively, the FIREMON architect may reconsider the scope of the sampling (sampling
a different, usually smaller, area than originally proposed) or reconsider the project objectives. This may
result in fewer plots and/or a smaller area being sampled, but doing so could improve the quality of the
collected data. Experienced sampling crews will be able to determine the most sensitive and important
statistics and ensure that these attributes are well represented in the sample design.
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Considering Tradeoffs

The design of the sampling strategy is a constant tradeoff between statistical significance and logistical
feasibility. The only way to have both is with sufficient funds, experienced personnel, and ample time.
Unfortunately these three factors rarely coincide; therefore, a compromise in sampling rigor is usually
necessary. The compromises of your FIREMON sampling design should be recorded in the FIREMON
notebook or MD information to ensure the data are never used for inappropriate purposes.
Careful consideration should be given to assess whether or not the approach identified in the sampling
approach key will actually accomplish the sampling objectives. For example, say one sampling objective
is to quantify significant reductions in fuel loadings after a prescribed burn, which absolutely requires
a statistical approach, but limited funds and personnel lead you to identify a relevé approach in the
FIREMON sampling strategy design. The relevé approach will only provide qualitative descriptions of
changes in fuel loadings and will not detect statistically significant differences in loading after
treatment. So either the sampling objective must change to remove the statistical requirement or the
statistical approach must be implemented.
The main limitation of the relevé approach is that it does not provide for any analysis of statistical
significance, even if multiple relevé plots are established on a sample site. The subjective location of the
relevé in a representative portion of the stand biases the sample and does not fulfill the assumption of
randomness needed for classical statistics. Relevé plots are used only for qualitative reasons or descriptive
purposes and should never be used to quantify changes in ecosystem characteristics. However, relevé
methods allow for efficient collection of complex data over large land areas with limited resources.
The main limitation of the statistical approach is its high expense in time, funds, and personnel. A good
statistical sample requires multiple plots in homogeneous areas (landscape stratification) and that
often necessitates extensive resources, especially if many entities are being measured such as fuel
loadings, tree populations, and vegetation cover. However, the statistical approach is required if
changes in ecosystem characteristics must be quantified with some test of significance.
There are many ways to compromise sampling rigor with logistic restrictions and settle on a tradeoff
between statistical validity and general description. If a statistical approach is necessary but time and
funds are limited, it may be possible to reduce the number of entities being sampled. For example, modify
the design to measure only fuel loadings and do not sample tree populations and plant cover. Or if a large
landscape is treated, it might be possible to statistically sample a small representative area within the
large area and sample the remaining areas with a relevé approach. Recognize that the statistical sample
could only be used to quantitatively describe changes in the representative area and that extrapolation
of those results to the large area would be highly questionable, especially if not supported by data collected
from the relevé plots. Optionally, it may be possible to aggregate the sampling strata to minimize the
number of sampling areas. And of course, there is always the possibility of optimizing sampling efficiency
by cluster sampling around accessible locations. In any case, be sure to document the limitations of your
tradeoffs so that others will not use the data for inappropriate analyses.
Be aware that all analyses using the FIREMON software package requires multiple plots within a
sample strata to calculate an acceptable measure of variation for statistical tests of significance. If only
one or two plots are established in a stratum, then the data can be used only for descriptive purposes,
which may not be compatible with the statistical sampling objective. In short, the usefulness of your
monitoring data increases with statistical validity. The more samples you collect in a treatment area,
the higher the value of that data to other resource efforts. The FIREMON software does not generate
statistical tests of significance for one plot across multiple monitoring visits, even if multiple microplot,
transect, or belt techniques were used to quantify variation at the plot level. In FIREMON, the only way
to calculate a variance is with multiple plots.

Monitoring Prescribed Burn Projects

Ideally, every sampling polygon will be monitored to sufficiently track treatment effects. Identifying the
polygons should not be a difficult task for a number of reasons. First, conventional prescribed burn
projects require intensive planning and public involvement, and as a result, there is plenty of
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documentation and data on the area to be treated, including maps, stand delineations, treatment block
delineations, and supporting stand and historical fire data. Also, because the objective of most
prescribed burns is contingent on preburn conditions and the burn boundary is known prior to the fire,
postburn mapping is generally not needed. Lastly, prescribed burns are usually small in area compared
to wildfires or wildland fire use. Use the following sample approach guidelines to monitor your
prescribed fire project.
Relevé Approach—Establish one FIREMON plot in each sample polygon in the prescribed burn area.
Locate the relevé in an area that displays the typical ecological conditions within the stand. If you find
unique features that you think should be sampled, such as seeps, dense thickets, and pockets of snags,
you should locate another relevé for sampling those areas. In FIREMON, we generally do not consider
the relevé approach appropriate for monitoring prescribed fire treatments.
Statistical Approach—Sample size equations are provided in Sample Size Determination section.
If you have a variance estimate, use these equations to determine the appropriate number of samples.
If the variance is unknown, plan on establishing at least five plots in each sample polygon in the
prescribed burn area. Sampling fewer than five plots results in variance estimates that are suspect. If
the sample polygon exceeds 50 acres, then establish another plot for every 5 acres in the polygon.

Comparing Objectives and Sampling Design

Make sure you haven’t specified any inconsistencies in your sampling strategy criteria. For example,
the use of the relevé method at the Detailed sampling intensity level (Level III) is not correct or logical.
Why use a descriptive method when you have plenty of resources to quantify the range of response and
variation in fire effects measures? If you specified Level III intensity, then use the statistical approach.
As always, these recommendations are provided to help you work through your design process, not as
strict rules. There may be an occasion where the project objectives lead you to intensively sample a
landscape but with few measurements taken on every plot. This would lead you to a “low” level of
appropriateness in table ISS-1. However, if lots of plots measuring few attributes let you assess your
objectives and stay within budget, then you have picked the right sampling scheme.

Finally, take one last thorough look at the project objectives and compare them with the sampling design
that you have developed. Ask yourself if you will really be able to assess the effectiveness of the
treatments using the sampling design that has been developed. If possible, have others familiar with
the project review the monitoring plan. They may identify some shortcoming that you have missed.
When you have decided on the approach, methods, and intensity you believe are appropriate for your
project, record that information in the FIREMON notebook or MD table.

DESIGNING A FIRE MONITORING PROJECT

This section is designed to help the FIREMON architect develop the integrated sampling strategy for
a monitoring project using FIREMON sampling design, techniques, and field methods. This section is
organized according to the design criteria that were determined in the previous section. If you haven’t
done so already, use the Sample Approach Classification Key and Sampling Intensity Key to
identify the most appropriate approach and intensity for your monitoring project. After reading
Determining Polygons and Building a Summary Table proceed to the section below that best fits
your strategy criteria selections—relevé or statistical.

Table ISS-1—Appropriateness of sampling intensity levels by sample strategy. High indicates the
sampling scheme is highly appropriate; Moderate indicates moderately appropriate;
Low means somewhat inappropriate; and Inappropriate means the sampling design
is not suggested.

Approach Level I-Simple Level II-Alternative Level III-Detailed

Relevé High Moderate Inappropriate
Statistical Low Moderate High
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Determining Polygon Locations and Building a Summary Table

Regardless of the sampling approach you use, monitoring plots must be located across the project area
so that the data collected will be useful for assessing the treatments applied. In FIREMON we propose
using the project objectives to determine sampling strata then overlaying the strata to identify polygons.
By ordering the sampling sequence of the polygons based on the most important project objectives, fire
managers will have the best chance of collecting useful data for the project.

Each polygon on the sample landscape must be described by one or more ecological attributes for the
prioritization method to work. It is essential that the attributes used to describe the polygons and/or
strata be consistent with the monitoring objectives. Using the example ISS landscape, the attributes
would be tree density, fuel load, and weed invasion. It is best if the attributes you use are stored in a
GIS for digital map analysis, but it is possible to do the entire exercise using spreadsheets or simple pen-
and-paper analyses.

Some stratification attributes may be secondary to the objectives but important to the project. Any site
characteristic that influences fire behavior—for instance, slope—may be important to factor into the
monitoring project because the fire could influence the monitored attributes in different ways depending
on the behavior.

A good way to determine the stratification criteria is to create a summary table (table ISS-2). The
columns in the table are the stratifying factors with polygons ranked by factor levels in the rows. The
example summary table was developed by overlaying the strata, numbering the polygons, and grouping
them by stratum (fig. ISS-3).

Next, determine the prioritization attributes so that the important polygons get sampled. The
prioritization attributes will probably be related to the list of stratification attributes. You can make the
prioritization as simple or as complicated as you like. For instance, you could decide that only stands
with ponderosa pine cover types will be sampled, or you could decide to sample mature stands of shade-
intolerant cover types on steep slopes for each habitat type. Be sure to keep your prioritization flexible
enough so you can easily modify the selection criteria.

In the Implementing the Relevé Approach and Implementing the Statistical Approach
sections below, tree density, fuels, and weeds are the prioritization attributes. The prioritizations are
described further in each example.

Table ISS-2—Develop a summary table to identify the number of polygons in each stratum. Label
the first columns using the stratifying factors and list each combination of levels in the
rows below. Give each stratum a unique name or code and in the last column list all
that polygons that belong in that stratum. Include a table like this in the FIREMON
project folder for future reference.

Tree density Fuel load Exotic weeds Stratum code Polygon numbers

Low Low No LLN 1, 3
Low Low Yes LLY 2
Low Moderate No LMN N.A.
Low Moderate Yes LMY N.A.
Moderate Low No MLN 11
Moderate Low Yes MLY 4
Moderate Moderate No MMN 5, 7, 9, 12
Moderate Moderate Yes MMY 6, 13
High Low No HLN 8, 10, 16
High Low Yes HLY N.A.
High Moderate No HMN 15, 17
High Moderate Yes HMY 14
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Implementing the Relevé Approach

Background
The relevé approach requires that plots be located in a representative portion of the sample stand or
polygon without preconceived bias. Data measured on relevé plots are not used to quantify the variation
across the stands or polygons, but rather to provide a general description of the polygon and provide a
baseline measurement of monitoring ecosystem characteristics for that polygon. The assumption in
relevé sampling is that the plot is representative of a larger area (stand or polygon), and therefore
conditions measured at the plot can be used to describe the stand or polygon as a whole. Thus, any fire
effects measured on a plot can be used to describe fire effects across the entire polygon or sampling
stratum. Two drawbacks of the relevé method are 1) the measured effects cannot be statistically
compared, spatially, between polygons on a landscape and 2) extrapolation of relevé data across a
polygon or stratum is controversial due to the subjective placement of the relevé and inherently high
variability of ecological attributes.

Polygon selection
Ideally, each stand or polygon on the landscape will have at least one relevé. This is typically not possible
because some polygons may be inaccessible, or resources limit the ability to sample the entire landscape.

Figure ISS-3—Build a summary table by overlaying the stratifying factors to develop polygons, then number
each polygon and note the stratum it belongs in. You should include a figure like this one in your FIREMON
notebook for future reference.
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Therefore, a compromise must be struck between sample frequency and logistics so that the most
important polygons can be sampled given the resources available. For relevé sampling the most
important factor is ensuring that there is adequate representation in plot frequency so that important
conditions within each sampling stratum can be summarized in reports or databases. Base the plot
frequency on the area in each of the sampling stratum. For instance, if stratum A has twice as many
acres as stratum B, then stratum A should have twice as much sampling. Sample the polygons that are
the most representative of the sampling stratum and locate the relevé plots in the most representative
area of each polygon. Remember that if you locate unique or unusual characteristics within a polygon,
such as a site containing rare plants, they should also be sampled and noted as being not really
representative of the entire polygon but used for monitoring unique attributes.

Figure ISS-4 shows how relevé plots might be distributed if put into the most representative portions
of each polygon of the sample ISS landscape at the Level I-Simple sampling intensity. Note that not
every polygon or even sampling stratum is being sampled. Each weed corridor is sampled with only one
relevé, even though there are five possible strata that could have been sampled within the exotic weed
stratification. Thus, this example assumes that the FIREMON architect determined that for some
objective-based reason weed sampling was not a priority.

Sometimes it is more efficient to group sample locations close together, usually around an easily
accessible point, rather than randomly selected throughout the landscape (fig. ISS-5). These “cluster
plots” minimize transport time, thus they can be more efficient than using random or systematic sample
selection of polygons, especially across large landscapes. The main disadvantage is the introduction of

Figure ISS-5—These 10 relevé sampling sites are clustered into
three groups to increase sampling efficiency while at the same time
getting a good spatial representation across the sample area.

Figure ISS-4—this illustration shows plots located using the
relevé approach at the Level 1-Simple sampling intensity. There
are 10 plots distributed across the sample area. The exotic weed
strata are not well sampled. Relevé Simple

Relevé Cluster: Simple
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bias because you are using only a small portion of the polygon to find a representative location for the
relevé—there might be a more representative location, but it is outside the of area where you want to
locate you cluster. Beyond the benefit of reduced transport times, cluster plots allow you note
juxtaposition relationships of neighboring polygons.

Make an attempt to distribute clusters geographically around the landscape using transportation
routes (roads, trails, rivers) as cluster centers. Cluster plots do have an element of subjectivity in the
placement of cluster centers, but when sampling resources are low, cluster selection is a valuable
alternative to random or systematic selection of sample stands.

Relevé establishment
Relevé plots are established by navigating to a sample polygon and then visiting various parts of the
polygon to find the range of vegetation and biophysical conditions. After examining the polygon the
FIREMON crew leader will determine the location of the relevé. The vegetation and biophysical
conditions inside the relevé must comprehensively describe conditions across the entire polygon.
Representative conditions should be assessed from a wide range of ecological attributes. First and
foremost, the relevé should represent the conditions of the polygon that are important to the project
objectives. In the example illustrations (fig. ISS-4 and ISS-5) each of the relevé plots were placed in a
spot that represents the tree density, fuel load, and weed conditions of the polygon (the stratifying
factors presented in fig. ISS-2). Secondly, relevé plots should be located in areas of the polygon that
reflect the characteristics of the entire polygon for attributes not related to the stratifying factors. For
instance, if the majority of your polygon is gently sloped you would want to avoid locating your relevé
in a steep draw because the fire behavior and fire effects there would not be typical of the polygon. Most
of the secondary considerations, such as topography, fuel conditions, and disturbance history, will be
related to fire. More specific examples are slope, slope position, aspect, elevation, fuel load by size class,
fuel condition, fuel model, insect and disease damage, and past fire effects. Note that there may be more
than one of location inside the polygon that is appropriate for sampling, and if so, the FIREMON crew
leader needs to choose the one that will lead to the most representative sampling given the resources.

The procedure used to establish relevé plots has always been embroiled in controversy. Locating a plot
in a representative portion of the polygon without preconceived bias is part fantasy, part science, and
part guesswork. The result is that most plot locations will contain some element of sampler bias.
However, in complex ecosystems with high spatial and temporal variability the relevé method is
generally a simple, efficient, and tenable sampling approach. A good mitigation measure to minimize
bias and subjectivity is to mark a plot location, then randomly choose a direction (you can use the second
hand on your watch) and place the plot center 50 feet away along the randomly selected direction. Of
course, this procedure could lead you to establish the plot outside the representative portion of the
polygon you are interested in sampling, in which case you would need to try another random offset.

Crews may encounter a wide diversity of ecological conditions within one sample polygon, making it
difficult to locate the relevé plot in an area of representative conditions. In these cases, if it is possible,
divide the polygon and put a plot in each division. If the resources are available, crews should also
establish plots in areas that are atypical of the polygon as a whole so that those unique sites an also be
monitored over time. For example, small seeps, blowdowns, or benches may be included in a polygon
because of the coarseness of stand mapping (the fine scale attributes were not discriminated out due to
the scale of the mapped attributes). However, these special features should be sampled if there are
enough resources. Crews should give sampling priority to features that are important to the project
objectives.

The main concern with using relevé plots is to know their weaknesses, strengths, and applications.
Relevé plots do not allow a statistical comparison across polygons or strata because of the lack of a
spatial measure of variability for sampled ecosystem characteristics. Relevé plots are best used as
descriptions of polygons that compose a landscape. Monitoring results from relevé plots cannot be
extrapolated across space for statistically valid comparisons because of the missing variability measure.
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However, relevé plots are appropriate for broad descriptions of ecological attributes within sampling
strata and polygons.

Using the Simple sampling intensity (Level I)
This sampling level assumes the number of FIREMON plots that can potentially be established in the
monitoring effort (SP) is one-half or less than the number of plots needed to sample the entire landscape
(NP). This level is often used with the relevé approach when monitoring is needed but there are few
resources to complete the project. Level II will give you information about more ecological attributes
(you can sample more polygons), but commonly Level I is the most realistic due to resource constraints.

The goal of this sampling scheme is to sample those stands or polygons that are the most important to
fire effects monitoring. This can be difficult because often there isn’t enough time, personnel, or funds
to sample all of the important polygons. The key to a successful monitoring effort for this scheme is to
prioritize those stands on the landscape that need sampling and sample them in order of priority. This
means that the FIREMON architect must balance distribution of the plots across the landscape and
accessibility with importance to management—a difficult task. Detailed below is a method to select
sample polygons using the polygons identified in table ISS-2 above. The architect can vary the theme
or strategy to fit local circumstances. Again, this is not a rigid procedural step, but rather a flexible
framework for sampling design modification. It is important that a stratification system be explicitly
stated and recorded in the FIREMON notebook.

Create a list of polygons to sample, ordering your sampling polygons based on your stratification and
prioritization criteria. This list can be generated from a GIS or from a spreadsheet. Remember that this
list is spatial in nature and does not take into account proximity and adjacency to other stands unless
specifically designed and sorted.

If we use the ISS example landscape stratification described in the Determining Polygons and
Building a Summary Table section then select two prioritization attributes—1) fuel load, especially
in moderately loaded areas, and 2) exotic weed invasion, in that order—we can make up an ordered list
of polygons for sampling (table ISS-3). In this example we will assume that SP is equal to nine. Figure
ISS-6 shows how the plots might be located across the project area. For clarity, in this example tree
density has also been used to order the polygons. However, tree density is not a prioritization attribute,
so polygons that have the last two letters of the stratum code in common (“MN” in “MMN”) could be
sampled in any order. Sampling the polygons that are closer together first, will lower the sampling time.

We recommend that you have a list or map of polygons by stratification attribute in order of priority for
field crews so that they can alter sampling if obstacles are encountered in the field. Remember to allow
enough flexibility in the prioritization and selection process so that the field crews can modify sampling

Table ISS-3—Sites with moderate fuel load and weeds were used as prioritization attributes, then
the strata in table ISS-2 were ordered to identify the polygons for sampling.

Prioritization Prioritization Stratum Polygon Order of
  attribute 1 attribute 2 code number priority

Fuel load— Exotic weeds HMY 14 1
  moderate to low MMY 6 2

MMY 13 3
LMY N.A.
HLY N.A.
MLY 4 4
LLY 2 5
HMN 15 6
HMN 17 7
HLN 8 8
HLN 10 9
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if problems arise. Examples could be high elevation snowfall or dangerous snags falling in a sample
polygon. A table like ISS-3 should be included in the FIREMON notebook.

The low intensity of this sampling approach begs a cluster selection tactic to minimize transport times
and maximize efficiency. In other words, the next prioritization criteria will often involve stand
proximity. Those who know how to use GIS analysis can use GIS software routines to assign proximity
measures to each stand based on transportation and prioritization attributes. For others, a color or
grayscale map detailing prioritization and stratification attributes for each polygon overlaid on road,
trail, and transportation route layers can be used to determine cluster centers and sample polygons.

The spatial prioritization criteria may be as simply stated as “sample all stands within 1 km of a road
junction” or as complexly detailed as, “Sample all pole and mature stands within  1⁄2  mile of a road
junction that contain oak and hickory on slopes greater than 10 percent.” Again, the selection of sample
stands based on accessibility, adjacency, and attributes involves a great deal of subjectivity and
sampling bias. We recommended that you have a list or map of polygons by stratum in order of priority
for field crews so that they can alter sampling if obstacles are encountered in the field.

Using the prioritized polygons from table ISS-3 and then clustering the plots only marginally improves
the sampling efficiency because many of the polygons that need to be sampled are not close to one
another (fig. ISS-7). This is a good example of the realities of sampling.

Figure ISS-6—Nine relevé plots have been established
in the most representative portion of the highest priority
polygons in this example of the Level 1-Simple sampling
scheme.Relevé, Level I

Figure ISS-7—Attempting to cluster the prioritized
polygons from table ISS-3 does not substantially
improve the sampling efficiency because the polygons
that need to be sampled are widely distributed on the
landscape.

Relevé, Cluster, Simple
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Table ISS-4—Sites with moderate fuel load and weeds were used as prioritization attributes, then
the strata in table ISS-2 were ordered to identify the polygons for sampling.

Prioritization Prioritization Stratum Polygon Order of
  attribute 1 attribute 2 code number priority

Fuel load— Exotic weeds HMY 14 1
  moderate to low MMY 6 2

MMY 13 3
LMY N.A.
HLY N.A.
MLY 4 4
LLY 2 5
HMN 15 6
HMN 17 7
MMN 5 8
MMN 7 9
MMN 9 10
MMN 12 11
LMN N.A. 12
HLN 8 13
HLN 10 14
HLN 16 15
LLN 1 16
LLN 3 17

Remember to allow enough flexibility in the prioritization and selection process so that the field crews
can modify sampling if problems arise. Examples could be high elevation snowfall or dangerous snags
falling in a sample polygon.

Using the Alternative sampling intensity (Level II)
This sampling level assumes SP is close to NP. This level is often used with the relevé approach when
monitoring is needed but there are not enough funds to implement a statistical approach to complete
the project. The primary goal of this scheme is to describe all of the important conditions that need to
be monitored on the sample landscape. This sampling intensity is recommended if a statistical approach
is not warranted for the monitoring objective.

Sampling with the Level II approach assumes that you have enough resources to sample most or all of
the polygons with one relevé. However, it is still important to prioritize the sampling so that the most
critical polygons get sampled. The key to a successful monitoring effort for this scheme is to prioritize
those stands on the landscape that need sampling and sample the most important ones first. This can
be difficult to do because the FIREMON architect must balance distribution of the plots across the
landscape and accessibility with importance to management. Detailed below is a method to select
sample polygons using the polygons identified in table ISS-3 above. The architect can vary the theme
or strategy to fit local circumstances. Again, this is not a rigid procedural step but rather a flexible
framework for sampling design modification. It is important that a stratification system be explicitly
stated and recorded in the FIREMON notebook.

Create a list of polygons to sample, ordering your sampling polygons based on your stratification and
prioritization criteria. This list can be generated from a GIS or from a spreadsheet. Remember that this
list is spatial in nature and does not take into account proximity and adjacency to other stands unless
specifically designed and sorted.

If we use the ISS example landscape stratification described in the Determining Polygons and
Building a Summary Table section then select two prioritization attributes—1) fuel load, especially in
moderately loaded areas, and 2) exotic weed invasion, in that order—we can make up an ordered list of
polygons for sampling (table ISS-4). In this example we will assume that SP is equal to 17. Figure ISS-8 shows
how the plots might be located across the project area. For clarity, in this example tree density has also
been used to order the polygons. However, tree density is not a prioritization attribute, so polygons that
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Figure ISS-8—All 17 polygons on the example
landscape are sampled with one releve when the Level
II-Alternative sampling scheme is applied.

Relevé, Level II

have the last two letters of the stratum code in common (“MN” in “MMN”) could be sampled in any order.
Sampling the polygons that are closer together first will lower the sampling time.

We recommend that you have a list or map of polygons by stratification attribute in order of priority for
field crews so that they can alter sampling if obstacles are encountered in the field. Remember to allow
enough flexibility in the prioritization and selection process so that the field crews can modify sampling
if problems arise. Examples could be high elevation snowfall or dangerous snags falling in a sample
polygon. A table like ISS-4 should be included in the FIREMON notebook.

Using the Detailed sampling intensity (Level III)
There is rarely a situation that would match the relevé approach with a Detailed sampling intensity
because the two are incompatible (see table ISS-1). Usually, if you have the resources to intensively
sample a landscape, then a statistical approach is more appropriate to get more power from your
monitoring results. However, if you want to use the relevé sampling approach with Level III sampling,
then we suggest you follow the methods described in the previous section (Using the Alternative
Sampling Intensity—Level II) with a small change. In the relevé Level II sampling scheme, plots are
put in representative portion of most polygons on the sample landscape. With Level III sampling, we
suggest that all special features be sampled within each polygon. The description or classification of
special features must be explicitly stated in the sample design. For example, you might want to use a
field on the Plot Description (PD) form, such a Landform, to detect special features. The goal of this
sampling scheme is to sample all the polygons as well as the atypical conditions within the polygons,
that represent conditions most important to fire effects monitoring. In this case, prioritization and
stratification are not important; the only subjective element is the determination of special features.
Cluster sampling is not needed because all polygons will be sampled.

Implementing the Statistical Approach

Use the statistical approach when it is important to compare the differences across polygons or sampling
strata using statistically valid techniques. The statistical approach in FIREMON attempts to quantify
the variance in a wide variety of sampled entities within a sampled polygon. Two or more sampled
polygons can be compared to ascertain whether they are significantly different before and after a
treatment. Moreover, before and after measurements of fire effects can be compared using standard
statistical techniques to obtain a measure of change for the entire polygon rather than for one
representative plot within the polygon such as used in relevé sampling. The statistical approach has
strong interpretative power, but it comes at a cost. It is often resource-intensive to implement a
statistical approach in fire monitoring because multiple plots per polygon are needed to quantify the
variance of the myriad of ecosystem characteristics that are measured to evaluate fire effects.
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The complex challenges posed by field sampling, such as steep slopes, dense stands and wildlife (snakes,
bears, and so on), coupled with the extensive challenges of statistical sampling mean designing a
statistically valid fire effects sampling scheme can be an extremely difficult and complex task that
requires extensive expertise in statistical sampling techniques, field sampling, and operational
management. As a result, this section in FIREMON is only a starting point for statistically based
sampling and is not intended as a complete reference on the subject. We beleive that the material
presented here provides an adequate start for a statistically valid sampling effort; however, if you are
doing Level III sampling, then we strongly recommend that you have your sampling scheme designed
or, at least, reviewed by an agency statistician or sampling expert. This is especially true if you are
setting up a monitoring project on a large area, such as a watershed.

The FIREMON statistical approach assumes the fire manager wants a statistically relevant estimate
of ecosystem characteristics for each polygon sampled. Since multiple plots are needed to quantify the
variance in ecosystem characteristics within a polygon, the most difficult task for the manager is
determining which polygons will be sampled. The only difference between sampling intensities Level
I, II, and III is the number of polygons that will be sampled with the resources available.

The statistical approach may involve sampling at two spatial scales, which can make the sampling
design difficult. The monitoring objectives might call for a statistical test of significance in fire effects
at the landscape scale and the polygon scale. For example, the purpose of a FIREMON project may be
to test if the entire landscape experienced a 50 percent reduction in fuels. Here, every polygon on the
landscape, or groups of polygons on the landscape, must be sampled to test for statistical significance.
However, only polygon-level changes may be important in another FIREMON project. For example, did
the sampled polygons achieve 50 percent duff reduction? The FIREMON architect must decide whether
landscape level, polygon level, or both levels of statistical testing are relevant to the monitoring
objective. Record this information in the FIREMON Metadata table.

Sample size determination
The first important step in the statistical approach is to determine the number of plots needed to
adequately sample each polygon. Most statistical sampling techniques recommend that sample size be
determined by the amount of variability in the characteristic being sampled using standard formulae
as determined from a pilot study—a small-scale sample collected simply to identify attribute variability.
The two most often used statistical measures of variability are variance and standard deviation. Both
are related to the difference between observed values in a group of numbers and the mean of those
values. Standard deviation is simply the square root of the variance. Although either measure is
appropriate, standard deviation is used more often because the units are the same as the units of the
mean, whereas the units of variance are squared. For example, the standard deviation of 20 coarse
woody debris (CWD) estimates might be 10 tons/acre or, equivalently, the variance would be 100 (tons/
acre)2. Variance and standard deviation estimates are easily made in spreadsheets, statistical software
programs, and even on some handheld calculators. If resources allow, a pilot study of the characteristics
that are important to the monitoring project should be done for each sampling stratum/sampling
characteristic combination in the sampling project.

Coefficient of variation for assessing variability
Coefficient of variation (CV) is a third measure of variability but one that is not used often. However,
it is a good measure to use when comparing variability estimates. Its benefit lies in the fact that it relates
the attribute’s standard deviation to its mean and, since most ecological attributes exhibit increasing
variability with increasing mean, CV provides a variability measure that is somewhat standardized for
comparison among attributes. For example, assume that you have a study and note that the standard
deviation of fine woody debris (FWD) load is 1.0 tons/acre and the standard deviation of CWD is 3.0 tons/
acre. In absolute terms the variability of the CWD is higher, but if the mean load of FWD is 0.5 tons/
acre and the mean load of CWD is 3.0 tons/acre then, relatively, FWD is more variable because the
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standard deviation is twice the mean, while the standard deviation of CWD equals the mean. The
coefficient of variation is expressed as a percentage and is calculated using the formula:

Equation ISS-2
 
CV = s

× (100)

where, s is the standard deviation estimate of an attribute ×  and is the estimated mean of the same
attribute.

When trying to identify the attribute with the greatest variability we recommend using the coefficient
of variation.

Determining the attribute variability used to calculate sample size

Sample size determination can be confounding in FIREMON because many fire effects monitoring
projects sample more than one characteristic. For example, it is common for changes in fuels, tree
mortality, and vegetation cover to be monitored before and after fire. This is quite different from
conventional forest inventory techniques that use only timber volume to compute the required number
of plots. The question is, which attribute should be used to represent the variability to compute the
requisite number of plots? In FIREMON, we recommend that you use either the standard deviation of
the most important characteristic or the standard deviation of the characteristic that has the greatest
coefficient of variation.

The selection of the characteristic or characteristics to use to determine the number of plots ultimately
depends on the importance of the sampled characteristic in successfully completing the monitoring
objectives. If fuel reduction is the highest priority, then select fuel loadings as the variable to compute
number of plots. If there is more than one characteristic important to the sampling objectives, then
select the variable with the largest variance to ensure adequate plot representation for the other
characteristics. For instance, if fuel reduction, tree mortality, and plant succession share equal weight
in the monitoring effort, then select the variable, probably fuel loading, that has the highest within-
sampling strata variance and calculate the sample size using that characteristic.

If, after calculating the number of required plots, you find that the sampling intensity is too high
compared to the sampling resources, you will need to reduce the number of plots to a manageable level.
One way to reduce the sample size is to sample the most important characteristic rather than the one
with the highest variability. If that doesn’t sufficiently reduce the number of required plots, estimate
the number of plots needed after removing the least important polygons from the study. The worst-case
scenario is that you start eliminating sampling methods—for instance, in the previous example,
eliminating the vegetation sampling—or need to replace some intensive methods with less intensive
methods, such as substituting photos for vegetation measurements. Remember, you want to be
collecting the best quality data you can, given the objectives and resources. It is better to have a few plots
with useful data than have lots of plots with data that doesn’t let you assess how well you met the project
objectives.

This is usually the point where most sampling designs come to a dead halt. The FIREMON architect
can easily choose the characteristics to sample, but then must obtain some measure of variation for that
selected characteristic. Typically, fire managers do not have the field data to quantify variation in
sampled characteristics although, occasionally, data collected from past sampling efforts in similar
terrain and ecosystems can be used. If field or pilot data are available for your FIREMON project,
analyze them to determine the variation of a particular characteristic across a stand or mapped
classification category, and then use the standard deviation to compute the number of required plots
using the equation presented below.

If you don’t have an idea of variability, the easiest and fastest way to find a variability estimate is to
contact a local expert knowledgeable about the location and variables you are interested in sampling,
who may be able to provide a good estimate of variability. The local expert will be able to state the
variability in terms of the mean, and this will help put the variability in perspective. For instance, “On
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that site, the standard deviation of CWD is about one and a half times the mean.” If local experts cannot
help, then examine research studies and reports to see if measures of variation for your characteristic
of interest, on a similar landscape, are available. This can be time consuming and thus not possible for
some projects. You may also be able to analyze previously collected FIREMON data by polygon or
sampling stratum and identify an estimate of variability from the information. As a last resort, use your
own experience or a best guess from what information you have been able to locate, and pick the
standard deviation level that seems most appropriate—0.5, 1.0, or 1.5 times the mean. If you simply
have no other information, calculate the required number of plots using a standard deviation that is
equal to the mean of the attribute of interest.

There should be a measure of variability for the characteristic of interest for each sampling stratum in
the monitoring project. For example, if the landscape is divided into polygons that are named according
to cover type (ponderosa pine, Douglas-fir, lodgepole pine) and the selected variable is 1,000-hour fuel
loading, then a measure of variability must be obtained for each cover type stratum on the landscape.
This is often difficult because the data required to quantify variability are typically not available;
therefore, it may be necessary to use the same standard deviation for a larger aggregation of sampling
strata (all pine cover types).

Calculating sample size

The number of required plots (NRP) per polygon per sampling stratum can be computed a number of
different ways to meet different statistical objectives. Monitoring projects designed using the FIREMON
protocol can use the following equation with reasonable assurance the sample size will be appropriate:

Equation ISS-3
 
NRP =

s2 Zα /2 + Zβ( )2

MDC2

where: s is the standard deviation of the difference of the first and second sampling visit.

Z  is the Z-coefficient for the type I error rate from table ISS-5.

Z  is the Z-coefficient for the type II error rate from table ISS-5.

MDC is the Minimum Detectable Change of the difference of sampled values, in absolute terms.

The confidence level for your monitoring project should be indicated in the project plan or the project
objectives. If so, then the false-change error rate is calculated from the confidence level (  = 1–
(confidence level/100)). If not, choose an  level that you feel is appropriate given the project objectives.
In most research level studies it is 0.05 or lower. However, fire monitoring projects may not have to be
as restrictive. Never set the confidence level below 80 percent (error rate = 0.20). The higher the
confidence level the greater the number of samples needed. Most monitoring studies are less concerned
with making a Type II error during the statistical analysis so use a missed-change error rate of 0.20
unless you have a reason to use a lower rate. Calculate NRP using the Z  and Z  values that correspond
to the a and b error rates. When using this equation be sure to divide  and  by 2 before selecting the

Table ISS-5—Determination of sample size is dependent on the acceptable error rate. Use the
appropriate z-values in this table for your sampling project.

False-change Missed-change
(Type I) error rate ( ) Z (Type II) error rate ( ) Z

0.40 0.84 0.40 0.25
0.20 1.28 0.20 0.84
0.10 1.64 0.10 1.28
0.05 1.96 0.05 1.64
0.01 2.58 0.01 2.33
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z-value. For example, if you are using the error rates = 0.10 and = 0.20, then Z  and Z  would be
1.96 and 1.28, respectively.

Determining the MDC parameter can be confusing because it assumes the mean value of the attribute
of interest is known, and generally it is not. Usually, you will be able to make an estimate that is
sufficiently accurate for use in the NRP equation. If not, use either a pilot study or get information from
an expert or the literature. Once the mean is known (or estimated) calculate MDC by multiplying the
mean by the percent change you want to be able to detect. For instance, if you want to be able to detect
a 20 percent change in a down woody debris load and you estimate the mean at 25 tons/acres, then MDC
= 0.20(25) or 5 tons/acre. The lower the amount of change you want to detect the greater the number
of plots you will need. Well-written objectives will give you some feeling for the detection level that is
required in the study.

The NRP calculation must be completed for each polygon or sampling stratum in the project, then the
NRP is summed across all polygons or sampling stratum on the landscape to compute the total NRP for
the FIREMON sampling effort.

A good source for more information about determining NRP is: Measuring and Monitoring plant
populations (Elzinga and others 1998 or Elzinga and others 2001). The entire 1998 publication is
available as a PDF on the BLM library Web site: http://www.blm.gov/nstc/library/techref.htm. Select
T.R. number 1730-1. Appendix Seven has a complete discussion about the determination of NRP.

Using the Simple sampling intensity (Level I)

The Simple sampling intensity level is used when the number of required plots (NRP) is much greater
(more than two times) than the sampling potential (SP). It is inappropriate to match the statistical
approach with the Level I-Simple sampling intensity level because they are in conflict. If the number
of plots to establish is limited, then it will be difficult to achieve a statistically valid measure of
variability at the polygon and landscape scale as required by the statistical approach. If the statistical
approach is most important for the monitoring objectives, then the landscape level statistical validity
must be given up to achieve statistical validity at the polygon level. If landscape statistical validity is
important, then it will be difficult to sample the required number of polygons. If statistical validity is
important reevaluate the project objectives to reduce the number of polygons that need to be sampled,
so that NRP is roughly the same as SP, then use a polygon prioritization process.

There are several methods for reducing the number of sample polygons under the statistical approach.
As stated in the previous Considering Tradeoffs section, one method is to revisit the project objectives
to see if there are some polygons that can be sampled less intensively in terms of the number of plots
or the methods applied. Another method is to prioritize the sampling polygons. Base the prioritization
on the project objectives so that the most important attributes are sampled, then eliminate sampling
in the least important polygons. Using a GIS can simplify the prioritization task. It is recommended that
the priority list include some measure of accessibility to optimize the number of sampled polygons with
the number of plots possible. For example, stand selection might include the following criteria: 1) within
a mile of a road, 2) contain ponderosa pine, and 3) on slopes less than 50 percent.

If we use the ISS example landscape stratification described in the Determining Polygons and
Building a Summary Table section (table ISS-2), then select two prioritization attributes—1) fuel
load, especially in moderately loaded areas, and 2) exotic weed invasion—in that order, we can make
up an ordered list of polygons for sampling (table ISS-6). For clarity, in this example tree density has
also been used to order the polygons. However, tree density is not a prioritization attribute, so polygons
that have the last two letters of the stratum code in common (“MN” in “MMN”) could be sampled in any
order. Sampling the polygons that are closer together first will lower the sampling time. We recom-
mended that you have a list or map of polygons by stratification attribute in order of priority for field
crews so that they can alter sampling if obstacles are encountered in the field. After selecting the
polygons for sampling, reassess the your decision to use the Level I sampling scheme with the statistical
approach. If the sampling intensity does not match the information required for the project objectives,
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then adjust the methods and intensity you plan to use on each plot, move to the Level II sampling
intensity, or use the relevé approach.

We recommended that you have a list or map of polygons by stratification attribute in order of priority
for field crews so that they can alter sampling if obstacles are encountered in the field. Remember to
allow enough flexibility in the prioritization and selection process so that the field crews can modify
sampling if problems arise. Examples could be high elevation snowfall or dangerous snags falling in a
sample polygon. A table like ISS-6 should be included in the FIREMON notebook.

Using the Alternative sampling intensity (Level II)
The Level II-Alternative sampling intensity level is used when the number of required plots (NRP) is
between one and two times greater than the sampling potential (SP). If NRP is greater than the number
of polygons (NP) to be measured, then NP must be reduced to make NRP roughly equal to SP. The
reduction will probably not compromise the statistical validity of the sample design if a landscape level
measure of variability is not as important to the monitoring objective as a polygon level measure of
variability.

There are several methods for reducing the number of sample polygons under the statistical approach.
As stated in the previous Considering Tradeoffs section, one method is to revisit the project objectives
to see if there are some polygons that can be sampled less intensively in terms of the number of plots
or the methods applied. Another method is to prioritize the sampling polygons. Base the prioritization
on the project objectives so that the most important attributes are sampled, then eliminate sampling
in the least important polygons. Using a GIS can simplify the prioritization task. It is recommended that
the priority list include some measure of accessibility to optimize the number of sampled polygons with
the number of plots possible. For example, stand selection might include the following criteria: 1) within
a mile of a road, 2) contain ponderosa pine, and 3) on slopes less than 50 percent.

If we use the ISS example landscape stratification described in the Determining Polygons and
Building a Summary Table sections (table ISS-2), then select two prioritization attributes—1) fuel
load, especially in moderately loaded areas, and 2) exotic weed invasion—in that order, we can make
up an ordered list of polygons for sampling (table ISS-7). For clarity, in this example tree density has
also been used to order the polygons. However, tree density is not a prioritization attribute so polygons

Table ISS-6—Sites with moderate fuel load and weeds were used as prioritization attributes, then
the strata in table ISS-2 were ordered to identify the polygons for sampling.

Prioritization Prioritization Stratum Polygon Order of
  attribute 1 attribute 2 code number priority

Fuel load— Exotic weeds HMY 14 1
  moderate to low MMY 6 2

MMY 13 3
LMY N.A.
HLY N.A.
MLY 4 4
LLY 2 5
HMN 15 6
HMN 17 7
MMN 5 8
MMN 7 9
MMN 9 10
MMN 12 11
LMN N.A. 12
HLN 8 13
HLN 10 14
HLN 16 15
LLN 1 16
LLN 3 17
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that have the last two letters of the stratum code in common ( “MN” in “MMN”) could be sampled in any
order. Sampling the polygons that are closer together first will lower the sampling time.

We recommended that you have a list or map of polygons by stratification attribute in order of priority
for field crews so that they can alter sampling if obstacles are encountered in the field. Remember to
allow enough flexibility in the prioritization and selection process so that the field crews can modify
sampling if problems arise. Examples could be high elevation snowfall or dangerous snags falling in a
sample polygon. A table like ISS-7 should be included in the FIREMON notebook.

If it is important to test for statistical significance at the polygon and landscape scale, then a random
selection of polygons is warranted. This random selection should be weighted by some factor important
to the monitoring objective. For example, it may be important to sample the greatest area, so selection
should be weighted by area. This can be accomplished in a GIS by using a random selection algorithm
linked to stand weights, or it can be done outside a GIS using a random number generator or list. Be
sure enough stands will be sampled across the landscape to obtain a statistically valid estimate of
variability.

Using the Detailed sampling intensity (Level III)
The Detailed sampling intensity level is used when the number of required plots (NRP) is much less than
the number of plots that are possible with the available resources (SP).

Developing a sampling design at this level can be quite complex and beyond the scope of the FIREMON
ISS. We recommend that you employ an expert in statistical sampling to design your sampling project.
It will cost a small fraction of what will be spent sampling and will reap great rewards. Contact a
statistical expert at your local research institution or university for assistance.

Plot distribution when using the statistical approach
In FIREMON we suggest plots be distributed using either systematic or random placement. When
properly applied each will give you a statistically valid sample. The number of plots in each polygon can
be weighted by area of each polygon in a sampling stratum or divided evenly among all of the polygons
in the sampling stratum. For example, say NRP = 100 plots and there are two polygons in one sampling
stratum with sizes of 20 and 80 acres. You could either weight the number of plots per polygon by area,

Table ISS-7—Sites with moderate fuel load and weeds were used as prioritization attributes, then
the strata in table ISS-2 were ordered to identify the polygons for sampling.

Prioritization Prioritization Stratum Polygon Order of
  attribute 1 attribute 2 code number priority

Fuel load— Exotic weeds HMY 14 1
  moderate to low HLY N.A.

MMY 6 2
MMY 13 3
MLY 4 4
LMY N.A.
LLY 2 5
HMN 15 6
HMN 17 7
HLN 8 8
HLN 10 9
HLN 16 10
MMN 5 11
MMN 7 12
MMN 9 13
MMN 12 14
MLN 11 15
LMN N.A.
LLN 1 16
LLN 3 17
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resulting in 20 plots in the first and 80 plots in the second polygon. Or, you could divide the plots evenly
and have 50 plots in each polygon. Unless all the polygons are close to the same size the first option is
probably the most appropriate.

When using the systematic approach, plots are distributed by developing a grid spacing that will give
you the appropriate number of plots within each of your polygons in each sampling stratum. The base
corner of the grid should be located at random. Choose randomly distributed plot locations by developing
a system to locate plots within a polygon with a list of random numbers. Depending on the variability
of the attributes you are monitoring, one sampling stratum may need more or fewer plots per polygon
than another stratum.

A third plot distribution technique is to locate the sampling plots in clusters. If you are establishing
cluster plots, the location of plot clusters is dependent on landscape features such as roads and
topography in order to reduce the sampling effort. The best cluster design allows the maximum number
of plots to be established and sampled with the least bias in plot location. Cluster sampling may not
result in a statistically valid sample if plots are placed with bias, are not independent samples, or do
not allow sampling across the entire range of conditions in each stratum.

Figure ISS-9 shows how plots could be distributed on the ISS example landscape using each of the plot
location methods at the Detailed level of sampling. Illustrations E, F, and G each show 66 sampling
locations. You could easily make this the Alternative intensity (Level II) by limiting the methods on each
plot to only those critical to the objectives. For example, at the Detailed level, you may plan to use cover/

Figure ISS-9—The three stratificaitons of the example ISS landscape (A, B, and C) are combined to
identify the sampling polygons (D). Then, using the statistical, detailed approach, 66 sampling plots are
distributed on the landscape map. Illustration (E) shows the systematic approach, (F) the random
approach, and (G) the cluster approach.
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frequency (for weed sampling), fuel load, and tree data methods on each plot in your study. To apply the
Alternative level you could eliminate the cover/frequency methods when a plot falls out of the weed
corridor. You would still be establishing 66 plot locations, but the sampling time would be reduced
because you would not be using all three sampling methods on all of the plots.

Establishing Control Plots

Control plots are established in areas outside the perimeter of your treatment unit in order to collect
reference data that will be used to compare against your posttreatment data. Control plots are especially
important in rangeland ecosystems where year-to-year variation in weather can mask changes caused
by fires. For example, say a prescribed burn unit in a sagebrush-steppe ecosystem has 10 plots
established within burn boundaries and five plots established outside burn boundaries. When the unit
is burned, the postburn measurement of grasses shows a doubling of biomass. The inference is that the
burn has increased grass production. However, remeasurement of the control plots (plots that were not
burned) shows that the grass biomass on these plots has doubled as well. So the increase in grass
biomass was actually a result of the some other factor, a wet spring, for instance, that occurred that year,
not from the fire. Control plots allow you to assess the effects of factors other than those you applied with
your treatments (such as weather or wildlife) on the characteristics you are monitoring.

While control plots are valuable they are not required in many monitoring efforts. The decision whether
or not to establish controls depends on the ecosystem, monitoring objectives, and available resources.
Control plots may not be necessary in ecosystems that are relatively unaffected by annual or decadal
weather variations, such as forest and alpine environments. The establishment of controls is usually
warranted if the monitoring objective is to statistically determine significant changes in ecosystem
characteristics in environments where vegetation is substantially affected by annual fluctuations in
weather. Examples are grasslands, shrublands, and some forest understories. If project resources are
limiting, then, depending on objectives, control plot establishment is probably the first task to be
trimmed.

As when determining the sampling intensity for monitoring plots, the number of control plots to
establish outside the treatment boundary depends on the environment, objectives, available resources,
and the availability of appropriate sites. At a minimum, at least one control plot should be established
if you are using the relevé approach. At least three plots should be established when using the statistical
approach. A sampling objective that specifies statistical significance will probably require more
sampling units to adequately capture the variance of sampled entities and, thus, a greater number of
control plots. The most complete sampling design will have at least one control plot for every sampling
stratum in the study. Some areas have diverse mosaics of stand conditions within burn boundaries so
more than one control area may be warranted to adequately capture the within-burn prefire heteroge-
neity. This is especially true of landscapes with highly diverse patch characteristics.

Controls should be established adjacent to or near the treatment area. They should be located in an area
that represents the characteristics important to the monitoring objective, found inside the treatment
area. Controls should be established at the same time as the pretreatment measurements, and they
should be installed using the same methods as you used on the monitoring plots. The only difference
between control plots and monitoring plots is their location. When using the relevé approach, establish
control plots in an area outside the treatment area that best represents the area within the treatment
area. Use random or systematic control plot location, when using the statistical approach. If there are
no areas outside treatment boundaries that are suitable for control establishment, establish control
plots in the next best area with similar aspect, slope, and elevation. Sometimes more than one control
area will be needed because of diverse characteristics (slope, aspect, vegetation, and so on) within the
burn. Remember, control plots are used to determine temporal variation in ecosystem characteristics
caused by factors other than the treatments. They do not need to be placed on locations that have
identical characteristics to the treatment area, but they should be similar. The use of potential
vegetation types or site types can be helpful to stratify control sample areas.
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Monitoring plots established inside treatment boundaries that do not burn or are not impacted by other
treatment activities have intrinsic value as fire effects control plots. For instance, a prescribed fire, for
some reason such as high fuel moisture, may not actually visit all the monitoring plots laid out inside
a burn perimeter, and these unburned plots could supplement your other control plots. Care must be
taken, however, because the reason that the plot didn’t burn may be related to the attribute you are
trying to control. For instance, if a plot didn’t burn because the fuel moistures were high, it might mean
that a seep is subirrigating the area around the unburned plot, which in turn would increase vegetation
cover and height. Using this unburned plot as a control plot to compare vegetation would be
inappropriate. If there are monitoring plots that will be used as control plots, sample them at the same
time and with the same methods as your monitoring plots.

Controls are sometimes useful for monitoring fire effects on plots when you were not able to install
monitoring plots before an event, such as a wildfire. Control plots can approximate preburn conditions
and these pseudo-preburn conditions can be used as reference. Simply establish the controls outside of
the burn boundary in areas that best approximate the characteristics found prior to the burn as observed
inside the fire perimeter. Use snags and downed logs to help visualize what the stand looked like before
the burn. Many people do not establish controls after a fire because the subsequent information is
somewhat suspect, as the preburn stand conditions within the fire can never be truly determined.
However, when they are appropriately used, postfire control plots can provide useful information. You
may need to establish controls on many site types to cover the wide range of environmental conditions
within the burned area.

Ideally, each control plot should be remeasured at the same time as the burned monitoring plots. It is
important that the controls be measured at least twice—once to establish the controls and once at the
end of the monitoring effort.

FIREMON GUIDES AND KEYS

Sampling Strategy Checklist

Suggested step-by-sep procedure for designing a firemon monitoring sampling effort

See figure ISS-1

1. State the monitoring objective(s). Describe, in detail, the reasons why this monitoring effort is
being implemented.

2. Determine the sample area. Create a map that explicitly identifies the boundaries of the
landscape to be sampled.

3. Determine the sample stratification. Create a map that delineates each polygon on the sample
landscape, and then describe each polygon by one or more attributes that will be used to stratify
monitoring results.

4. Determine the sampling resources. Record all resources that can be used in this sampling effort
including personnel, monies, time, and vehicles.

5. Calculate sampling resource statistics. Compute the sampling statistics that are used
throughout the FIREMON sampling design process (SP, NRP, and so on).

6. Determine the sampling approach. Select the most appropriate sampling approach, statistical
or relevé, using the keys and text presented in FIREMON.

7. Determine the sampling intensity level. Select the most appropriate level of sampling intensity
from the keys and text presented in FIREMON.

8. Choose the most appropriate sampling methods. Select the measurement methods that will
be used to sample ecological characteristics using the keys and the text presented in FIREMON.
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9. Compare monitoring design and project objectives. If the design is compatible with the
objectives, distribute plots and begin sampling. Otherwise, review the project and go through the
checklist again.

10. Determine plot locations. Use stratification factors to determine polygons, then distribute plots
over the sampling area.

Suggested step-by-step procedure for implementing a FIREMON monitoring sampling
effort

1. Locate a FIREMON sampling polygon. Use the sample design to select, then navigate to a stand
on the sample landscape.

2. Locate a FIREMON sampling plot. Use the directions in How to Locate a Plot to go to an area
within a stand that will be sampled.

3. Establish a FIREMON sampling plot. Use the directions in How to Establish a Plot to
permanently or semipermanently mark the area to sample.

4. Follow the procedures for each selected sampling method. Refer to the Sample Methods
discussions for the sampling methods and protocols selected for the project and follow those
instructions for the appropriate sampling strategy and intensity level.

5. Record measured field information on FIREMON plot forms. Write down all information
and measured entities on the plot forms provided in FIREMON. You may also record the
measurements directly onto a field laptop computer.

6. Check recorded information. Double check your entries on the plot forms and make sure all
fields are completed and appear correct.

7. Enter data on plot form into FIREMON databases. Enter the recorded field data into the
Microsoft Access Databases provided by FIREMON.

Field Assessment

The field assessment portion of FIREMON contains an extensive set of procedures for sampling
important ecosystem characteristics before and after a prescribed or natural fire for terrestrial
ecosystems. The field assessment is composed of 1) field methods, 2) plot forms and cheat sheets, and
3) equipment lists. FIREMON has been designed so that the fire manager can tailor the field
measurement procedures to match burn objectives or wildland fire use concerns. Additionally, the fire
manager can scale the intensity of measurement to match resource and funding constraints. For
example, to document tree mortality, the fire manager would choose one of three hierarchically nested
sampling procedures, where the first procedure would provide general descriptions of tree mortality
quickly at low cost (photopoints, walk-through), while the third procedure would document, in detail,
individual tree health and vigor, to generate comprehensive data applicable to many analyses but costly
to collect. A key has been provided help the fire manager decide the appropriate methods and sampling
intensity.

Sampling protocols
FIREMON contains the following sampling procedures for monitoring many ecosystem characteristics:

Plot Description (PD)—A generalized sampling scheme used to describe site characteristics on the
FIREMON macroplot with biophysically based measurements.

Species Composition (SC)—Used for making ocular estimates of vertically projected canopy cover for
all or a subset of vascular and nonvascular species by DBH and height classes using a wide variety of
sampling frames and intensities. This procedure is more appropriate for inventory than monitoring.

Cover/Frequency (CF)—A microplot sampling scheme to estimate vertically projected canopy cover
and nested rooted frequency for all or a subset of vascular and nonvascular species.
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Point Intercept (PO)—A microplot sampling scheme to estimate vertically projected canopy cover for
all or a subset of vascular and nonvascular species. Allows more precise estimation of cover than the CF
methods because it removes sampler error.

Line Intercept (LI)—Primarily used when the fire manager wants to monitor changes in plant species
cover and height of plant species with solid crowns or large basal areas where the plants are about 3 feet
tall or taller.

Density (DE)—Primarily used when the fire manager wants to monitor changes in plant species
numbers. This method is best suited for grasses, forbs, shrubs, and small trees, which are easily
separated into individual plants or counting units, such as stems. For trees and shrubs over 6 feet tall
the TD method may be more appropriate.

Rare Species (RS)—Used specifically for monitoring rare plants such as threatened and endangered
species.

Tree Data (TD)—Trees and large shrubs are sampled on a fixed-area plot. Trees and shrubs less than
4.5 feet tall are counted on a subplot. Live and dead trees greater than 4.5 feet tall are measured on a
larger plot.

Fuel Load (FL)—The planar intercept (or line transect) technique is used to sample dead and down
woody debris in the 1-hour, 10-hour, 100-hour, and 1,000-hour and greater size classes. Litter and duff
depths are measured at two points along the base of each sampling plane. Cover and height of live and
dead, woody, and nonwoody vegetation is estimated at two points along each sampling plane.

Landscape Assessment (LA)—Useful for mapping fire severity over large areas by combining
satellite-derived Normalized Burn Ratio (BR) with a ground-based indicator of fire severity, Composite
Burn Index (BI). The LA methodology will assist in determining landscape-level management actions
where fire severity is a determining factor.

Composite Burn Index (BI)—The BI methodology is a subset of the LA methods. It provides users
with a ground-based fire severity index derived from a number of plot measurements.

Normalized Burn Ratio (BR)—The BR method is the subset of the LA methods. It describes how to
derive remotely sensed spatial information on burn severity, using Landsat satellite data.

We used the Western Region Fire Monitoring Handbook (FMH) (National Park Service 2001, see
http://www.nps.gov/fire/fire/fir_eco_firemonitoring.html), ECODATA handbook (Hann and others 1988;
Jensen and others 1993; Keane and others 1990) and the USDA Forest Service Natural Resources
Information System (NRIS) protocols as the framework for selecting and designing FIREMON
sampling methods. We modified these protocols so that there are now nested levels of sampling intensity
coupled with nested levels of sampling flexibility.

Sample Approach Classification Key

Answer each bullet with a “yes” or “no” and add up the answers. More “yes” answers suggest using the
statistical approach, and more “no” answers suggest using the relevé approach.

1. Sufficient sampling resources are available. There is plenty of funding, ample time, and
sufficient personal (with necessary skills) to complete a detailed monitoring effort.

2. NP < SP. There are sufficient resources to sample the entire landscape. Sampling resources allow
more than one plot in each stand.

3. An estimate of across and within stand variation is important. The project objectives require
an estimate of variability in ecosystem characteristics or the statistical comparisons of sampled
attributes.

4. A statistician or statistics expert is available for consultation. Someone can easily be
contacted to answer questions about your sampling design. There is sufficient expertise for
designing a valid statistical sampling scheme.
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5. Navigation across the sample landscape is relatively easy. Steep, dangerous terrain, long
travel distances, or other features that limit plot access are not present on major portions of the
landscape.

6. Few ecosystem components are being measured for assessing fire effects. The monitoring
objectives are concerned with just one or two ecosystem attributes whose variation must be
quantified.

Sampling Intensity Key

Answer each bullet under each intensity level with a “yes” or “no.” Count up the number of “yes” votes
for each intensity level, and the level with the most “yes” votes would suggest that this may be the most
likely intensity level for your monitoring study. The bullets are listed in order of importance with the
first few bullets most important in sample design.

Simple sampling intensity (Level I)
1. Little funding is available. This project has little financial support and must be done with

existing personnel and equipment.
2. SP << NP. There are many more polygons to be sampled than there are potential plots to sample

them. A good rule-of-thumb is that NP is more than twice the number of potential plots, then a
simple sampling approach is appropriate.

3. There is little time to conduct the project. There are only a few weeks or months to sample, and
the project must be completed as quickly as possible.

4. Description is more important than comparison or evaluation. The monitoring objectives
can be accomplished by establishing enough plots to generally describe fire effects without
quantifying the variability of the sampled attributes.

5. There are few people available. It will be difficult to hire or obtain a crew of experienced field
technicians, or it will be difficult to train inexperienced crews to collect the fire effects data

6. Travel across the landscape is difficult and restrictive. The polygons being sampled are so
difficult to traverse that establishing multiple plots in each stand would be laborious and time
consuming. The landscape may be steep and dangerous, composed of thick vegetation and deep
fuels, or contain many dangerous obstacles such as deep rivers, cliffs, ice, and so forth.

Alternative sampling intensity (Level II)
1. Sampling resources are available but limited. Funding and other resources (people, vehicles)

are available but not abundant. One or more categories of sampling resources is limiting such as
few people, money, or time, but overall, there appear to be resources available.

2. SP = > NP. There are about the same number of sample polygons as there are potential plots to
sample them. There is a possibility that some polygons will be sampled with more than one plot.
Or it is possible that some polygons may not be important to the objectives and could be removed
from the list of polygons to be sampled.

3. An estimate of across and within stand variation is important but not essential. An
estimate of error in comparing polygon conditions is desired but not essential. It is more important
that conditions within each polygon on the landscape be described so that management can
proceed.

4. Many ecosystem components are being measured for assessing fire effects. The monitoring
objective is concerned with describing fire effects for many ecosystem elements (fuels, trees, plant
species) so that an integrated stand-level evaluation of fire effects is possible.

5. A compromise is desired between the simple and detail methods. Level I intensity is not
enough to accomplish monitoring objectives and there are not enough sampling resources to
implement a project at Level III intensity.
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6. The sample area is complex, rugged, or remote. Having to sample at a high intensity is not
desirable. The size, topography, and limited roads/trails within the sampling area may limit the
possibility of establishing enough plots to quantify polygon conditions across the entire area.

Detailed sampling intensity (Level III)
1. Sampling resources are abundant. There are sufficient resources to conduct the monitoring

project. None of the sampling resource categories is limiting.
2. SP >> NP. The sampling potential is high enough that multiple plots can be established in each

polygon and should allow at least two plots per polygon.
3. An estimate of stand variation is important. An estimate of error across the sampling polygons

is essential for describing fire effects. It is important that the error in fire effects be quantified to
make management decisions.

4. A statistically defensible comparison is important. It is important that results from this study
capture sampled variations so statistical comparisons can be made with error estimates. This
implies that the sampling approach is required to get the most statistically defensible results to
back up any management action.

5. Only a few ecosystem components are being measured for assessing fire effects. The
monitoring objective is only concerned with one or two ecosystem attributes whose variability can
be easily quantified for computing the number of plots to establish.

6. The sampling environment allows an intensive sampling effort. There are no foreseeable
dangers or restrictions in the area to be sampled; the area is safely and easily accessible. Crews are
sufficiently trained and available to conduct this extensive sampling.

Methods Classification Key

Use this key to help you decide what methods should be used in your monitoring project. Start at the
top of the key and, for every statement that is true for your situation, record the suggested methods or
fields in your FIREMON notebook. Once finished, review the methods you have identified. Compare
them with the sampling resources available and project objectives to determine if they are right for your
project.

1. A description of the physical environment is important for providing context to monitoring results
or for providing stratification for the data analyses. Physical descriptions include elevation, aspect,
slope, soils, landform, and slope position. These measurements provide a general description of
biophysical processes that might influence fuel, fire, and vegetation dynamics. It is strongly recom-
mended that these variables be recorded at each plot.

1.1. Complete Biophysical Settings Fields in PD method

2. A general description of vegetation characteristics is important for understanding monitoring
results, stratifying analyses, or validating satellite imagery. This description includes lifeform (trees,
shrubs, and grasses) cover by size class and an estimation of cover type and potential vegetation type.
These measurements are especially helpful in describing general vegetation conditions and for relating
plot-level stand-related vegetation characteristics to satellite imagery analysis and mapping.

2.1. Complete Vegetation Fields in PD method
3. A general description of stand fuel characteristics is important for summarizing monitoring and

interpreting monitoring results, stratifying analyses, or correlating with satellite imagery. These
descriptions include ground cover (ash, bare soil, rock), fuel model, and crown fuel characteristics. These
measurements are especially helpful in describing general fire-related fuel conditions and for relating
plot-level fuels characteristics to satellite imagery analysis and mapping.

3.1. Complete the Fuels Fields in PD method
4. Documentation of plot conditions and location is important to the monitoring objective. This

includes photo-documentation, written notes, maps, and so on. This method is used to strengthen the
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documentation of the location of the plot and to document spatial characteristics of the plot using
visual tools.

4.1. Complete the Common and Comments Fields in the PD method

5. A general description of fire behavior and effects at the plot level is important for describing fire
conditions in the interpretation of monitoring results, stratification of analyses, or presentations with
the public. Descriptions include photo-documentation of fire behavior and effects, and quantification of
overall fire effects. These methods are used to generate a pictorial assessment of fire behavior and
effects, and are especially effective for relating fire effects to those unfamiliar with fire ecology.

5.1. Complete the Fire Behavior and Effects Fields in the PD method
6. A general description of ambient weather conditions, fuel moistures, and fire behavior for

a prescribed fire is important for assessing fire effects. This information is collected for the entire fire
event and is more complete than the plot level descriptive information collected using the PD methods.

6.1. Complete the Fire Behavior (FB) methods
7. Changes in plant species cover and/or height is important in assessing fire effects. Objectives

state monitoring of individual species presence, cover, and/or height is important to the project. Possible
applications include changes in species cover and height of threatened and endangered species,
important forage species, and reductions in tree understory. This method is used mostly to track
succession development in vegetation over time and to quantify changes in species cover due to
disturbance.

7.1. A statistically valid comparison of changes in species cover over time is not important. Simple
Sampling Intensity Level I. Descriptive changes in species cover will fulfill monitoring objec-
tives. Species measurements include cover and height estimates without error estimates.

7.1.1. Complete the Species Composition (SC) methods. (See the Vegetation Sampling Overview
for more information.)

7.2. A statistical comparison of changes in species occurrence is important for the successful
completion of objective. Species measurements include plant frequency, cover, and height with error
estimates.

7.2.1. Height of >50 percent vegetation cover less than 3 feet. Majority of plot is composed of
plants that are less than 6 feet tall.

7.2.1.1. A quadrat based examination of plant frequency or subjectively determined plant
cover is important to the project.

7.2.1.1.1. Complete Cover/Frequency (CF) methods. (See the Vegetation Sampling Overview for
more information.)

7.2.1.2. Objective determination of plant cover is important for the project. Mostly fine-textured
vegetation.

7.2.1.2.1. Complete the Point Cover (PO) methods. (See the Vegetation Sampling Overview for
more information.)

7.2.1.3. It is important to monitor changes in the number of plant species and/or the number
of individual plants.

7.2.1.3.1. Complete the Density (DE) methods. (See the Vegetation Sampling Overview for more
information.)

7.2.2. Height of >50 percent vegetation greater than 3 feet.
7.2.2.1. Complete Line Intercept (LI) method. (See the Vegetation Sampling Overview for

more information.)

8. Changes in fuel loadings are important to successfully completing monitoring objectives. Fuel
measurements include loadings of all woody fuel size classes, duff, litter, live and dead shrub and
herbaceous; duff and litter depths; and coarse woody debris description with rot classes. This method
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is used mostly for estimating fuel consumption and smoke generation, and to describe stand-level fuel
characteristics.

8.1. Complete the Fuel Load (FL) method

9. Changes in tree or stand characteristics (mortality, survival, damage) are important for
describing fire effects for monitoring objective. Tree measurements include health, insect and disease
evidence and damage, crown characteristics, diameter, height, and fire damage. This method is used
mostly to quantify tree and stand mortality and to describe stand-level tree characteristics.

9.1. Complete the Tree Data (TD) method
10. Documentation of aggregate fire effects within strata is important to determine cumulative

burn severity on the community. Coverage of large areas and diverse conditions is important, with
minimal time spent per plot. Also, a means to calibrate or validate remote sensing data is sought for
moderate resolution applications. This method integrates independent ratings of severity by strata to
determine understory, overstory, and overall severity.

10.1. Read the Landscape Assessment (LA) section, and complete the Composite Burn
Index (BI) method.

11. Spatial representation of fire effects is desired over large areas using GIS, targeting burns
exceeding about 100 ha (250 ac). Analysis of historic burns (back to about 1983) is desired. A need exists
to monitor burns over long periods, as in a regional fire atlas, or to relate fire effects to environmental
variables continuously across a landscape. Also, mapping is important, to display or analyze burn
results at a landscape resolution of 30 meters.

11.1. Read the Landscape Assessment (LA) section, and complete the Normalized Burn
Ratio (BR) method.

Vegetation Sampling Overview

The FIREMON system uses five vegetation sampling procedures that are useful for sampling
vegetation for most monitoring situations. Each method has its strengths and weaknesses, and the
descriptions below are provided to help you determine which sampling method is best for your project.

Species Composition (SC) Method: This method is primarily used to acquire inventory data over
large areas using few examiners. The SC method is useful for documenting important changes in plant
species cover and composition over time. However, this method is not designed to monitor statistically
significant changes in vegetation over time. The SC sampling method primarily addresses individual
plant species canopy cover and height for vascular and nonvascular plants. Canopy cover and average
height may be recorded by size classes for plant species. Size class data can provide important structural
information about the stand such as the vertical distribution of plant species cover.

Cover/Frequency (CF) Method: This method is primarily used for monitoring changes in plant
species cover, height, and frequency. The CF sampling method primarily addresses individual plant
species canopy cover, height, and frequency for vascular and nonvascular plants less than 3 feet (1 m)
in height. The FIREMON line intercept (LI) method is better suited for estimating cover of shrubs
greater than 1 m in height (Western United States shrub communities, mixed plant communities of
grasses, trees, and shrubs, and open grown woody vegetation). The CF methods can also be used to
estimate ground cover. However, the FIREMON point intercept (PO) method is better suited for
estimating ground cover. We suggest that if you are primarily interested in monitoring changes in
ground cover, you use the PO method because it is not a subjective measure. The PO method is also better
suited for sampling fine-textured herbaceous communities (dense grasslands and wet meadows).
However, if rare plant species are of interest, the CF methods are preferred because it is easier to sample
rare species with quadrats than with points or lines.

Line Intercept (LI) Method: This method is primarily used for monitoring changes in plant species
cover and height. This method is primarily designed to sample plant species with solid crowns or large
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basal areas. The LI method works best in open grown woody vegetation (Western United States shrub
communities), especially shrubs greater than 3 feet (1 m) in height. The CF method is generally
preferred for sampling herbaceous plant communities with vegetation less than 3 feet (1 m) in height.
However, the LI method can be used in combination with the CF method if shrubs greater than 3 feet
(1 m) exist on the plot. This is probably the best method of sampling canopy cover in mixed plant
communities with grasses, shrubs, and trees. This method is not well suited for sampling single
stemmed plants or dense grasslands. The PO method is better suited for sampling fine-textured
herbaceous communities such as dense grasslands and wet meadows. Canopy cover measured with line
intercept is less prone to observer bias than ocular estimates of cover in quadrats such as in the CF
method. However, if rare plant species are of interest, the CF methods are preferred because it is easier
to sample rare species with quadrats than with points or lines.

Point Intercept (PO) Method: This method is primarily used when the fire manager wants to monitor
changes in plant species cover and height or ground cover. This sampling method is best suited for
sampling ground cover and grasses, forbs, and shrubs less than 3 ft (1 m) in height. The point cover method
works best for fine leaved plant species (grasslands and wet meadows) and species with open canopies
(pastures and grasslands), which can be more difficult to estimate with the LI method. The PO method
can provide a more accurate estimate of cover than the ocular estimates used in the CF sampling method
because sampler error is removed. Examiners only decide if the sampling pole contacted a plant species
or ground cover class. It can be difficult to detect rare plants unless many points are used for sampling.
If rare plant species are of interest the CF methods are preferred since it is easier to sample rare species
with quadrats than with points or lines. We suggest you use the PO method if you are primarily interested
in monitoring changes in ground cover (bare ground, herbaceous cover, and so forth).

Density (DE) Method: This method is primarily used when the fire manager wants to monitor changes
in plant species numbers. This method is primarily suited for grasses, forbs, shrubs, and small trees,
which are easily separated into individual plants or counting units, such as stems. However, we
recommend using the FIREMON TD sampling method for estimating tree density. The DE sampling
method uses density to assess changes in plant species numbers over time. The quadrat size and belt
width varies with plant species or item and size class, allowing different size sampling units for different
size plants or items. Quadrat size and belt width should be adjusted according to plant size and
distribution. This method is particularly useful for sampling rare plants where monitoring an increase
or decrease in numbers is important. This method also provides useful information on seedling
emergence, survival, and mortality.

Rare Species (RS) Method: This method is primarily used to monitor uncommon grass, forb, shrub,
and tree species of special interest, including Threatened and Endangered species. Individual plants
are monitored for changes in plant survivorship, growth, and reproduction over time. Individual plants
are spatially located using distance along and from a permanent baseline and permanently tagged. Data
are collected for status (living or dead), stage (seedling, nonreproductive, or reproductive), size (height
and diameter), and reproductive effort (number of flowers and fruits).

Analysis Tools

Fire effects monitoring is defined by two tasks: field data collection and evaluation. Field data collection
has been discussed in detail in the Integrated Sampling Strategy and Field Assessment documentation.
Discussed here are the software and procedures for the evaluation of the field data to assess fire effects.

The FIREMON Analysis Tools component encompasses two major tasks: 1) data entry and 2) data
analysis. Data entry is accomplished in FIREMON by physically entering the collected field data into
a set of standardized Microsoft Access databases. Data analysis is accomplished using a set of database
queries and computer programs developed specifically for FIREMON.

The collected data are stored in Microsoft Access FIREMON databases that have nested data entry
screens with error checking capabilities. The database structure is similar to that of ECODATA (Hann
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and others 1988; Keane and others 1990). Linked to these databases are database queries and computer
programs that summarize the sampled data into the reports required by fire management agencies.

The database entry screens are designed so that all methods are present on the home screen, and the
user need only enter data in the screens describing the selected methods. For instance, if only fuels were
measured on a monitoring plot, then the user only enters information in the Required fields of the Plot
Description form and in the Fuel Load table. In standardized fields, users select the code from a
dropdown list. Most lists can be modified be the user by adding, removing, and modifying the codes.

The analysis programs perform a variety of tasks. First, is a program that scans the entire database and
locates empty fields. The workhorse program imports the database and performs common calculations
on the data. For example, fuels data are entered by transect, but what is needed is an estimate of fuel
loading, which is the summarization of the transect data. The base code computes fuel loadings and then
summarizes results in a table. The analysis program summarizes all database entries into one report
for storage as a computer file or paper report. The database also contains built-in queries for
computations at the plot level.

The statistics program performs the temporal monitoring analyses using Dunnett’s t-test and provides
output reports showing the results of statistical tests. The summary can be stratified by any macroplot-
level field or by the user.

The analysis package can also produce the necessary files to run the Forest Vegetation Simulator and
the associated Fire and Fuels Extension. Last, data can be exported for input into spreadsheets or
statistical programs.


